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ABSTRACT

Under the sponsorship of the Defense Advanced Research

Projects Agency (DARPA), a conical lens for a 5"/54 ramjet

propelled, optically guided projectile was investigated.

-The resulting conical lens for 4kwgun-launched missile

(GLM) will focus parallel incident light through the lens

to a design focal point. A conical lens was designed using

an algorithm written for the HP-9845T desktop minicomputer.

The examples illustrate the automated design procedure,

selection of possible lenses and final lens design.

Recommendations for further research are discussed.
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LIST OF SYMBOLS0U

Symbol Explanation Units

A GLH (x-axis) intercept Inches
F Focal point on the GLM axis Inches

NORM Acute angle of the normal Degrees,
to the surface measured with radians
respect to the GLM axis

O Origin; located at the Inches
vertex of the GLM conical
lens

OP Length of the line segment Inches
connecting point 0 and point
P

PFocal point on the GLM axis Inchesintersection of the light

ray and the radius vector
in the GRIN lens

Q Point of intersection of the
light ray and the first
surface

QA Length of the line segment Inches
connecting point Q and
point R

QP Length of the line segment Inches
connecting point 0 and
point P

r Radial distance from the Inches
origin

Rho-initial Angle the incident ray in Degrees,
medium 1 makes with the radians
GLM axis

(REF1 Reference direction defined
as the GLM axis

RT Length of the line segment Inches
connecting point R and
point T
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S Symbol Explanation Units

RO-max Radius from the origin at Inches
which the index of refrac- -
tion is maximum

T Point of refraction of the
ray in the lens $

Theta Angle of incidence 8 Degrees,
(critical) at which sin( 6RlI radians

ZI Point at which the lens Inches
intercepts the GLM axis

Z3 Intercept of the first, Inches
movable, image plane and
the GLM axis

Z4 Intercept of the second, Inches
fixed, image plane and the
GLM axis

b n I  Index of refraction of
medium 1

n 2  Index of refraction of
medium 2

n3  Index of refraction of
medium 3

n-f(r) Index of refraction is a
function of the radius from
the origin

ni Normal direction to a
surface

n2 3  Ratio of n2/n3

Distance along the ray in Inches
the lens

x Distance along the GLM Inches
axis
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W Symbol Explanation Units

y Radial distance from the Inches

GLN axis a

Upper bound of the aperture Inches

Ya Lower bound of the aperture Inches
(Xi ,yi)  Coordinate values of the Inches

intercept of the ray and a

refracting surface or an
image plane

(xc, y Coordinate values of the Inches
intercept of the ray and
the GLM axis

x-f(y) Distance along the GLM axis
is a function of the radialdistance from the GLM axis

y f(x) Radial distance from the
GLM axis is a function of
the distance along the
GLM axis

lxi Absolute value of x Units of x

f Focal length Inches

1 Length of line segment QP Inches

Cone half-angle Degrees,radians

a tan( 2) - slope of the Degrees,
second surface radians

Angle formed by QP with Degrees,
respect to the GLM axis radians

Y Complementary angle of 8R Degrees,
R4 radians

6 Angular difference between Degrees,
two surface normals radians
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SSymbol Explanation Units

Angle between two Degrees,
successive rays in GRIN radians

6*General angle Degrees,
radians

8 *Angle of incidence with Degrees,
respect to the local normal radians

8 R Angle of refraction with Degrees,
Rrespect to the local normal radians

1T Number of radians in Radians
semi-circle

PsPOAngle of incident rays in Degrees,
medium 1 with respect to radians
the GLM axis

PAngle of the ray in the lens Degrees,
with respect to the GLIN axis radians

P2Angle of the ray in medium 3 Degrees.
with respect to the GLI4 axis radians

*Angle between the radius Degrees,
vector and the refracted radians
ray in the GRIN lens

Surface numberI

Step of a sequence

(32.5,45.6) (x,y) coordinate position Inches

Subscripts not already shown:

1,2,3,... Point number

Iteration number

i Iteration number

Surface number
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Symbol Explanation units *

n Iteration number

max Maximum value of the symbol 0

next Next quantity in the sequence

*:Indicates the symbol can be used with additional
subscripts.
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r1. INTRODUCTION

A. THE PROBLEM

Since World War II the presence of two conflicting

requirements in mnissile sensor design has forced unsatis-

factory compromises to be made in either the optical system,

airframe or both. Examples of this are the Sidewinder air

to air (AAM) and Chapparal surface to air (SAM) missile.

The operational requirements are simple: from a "long"

range, fly fast enough to pursue and overtake an adversary,

destroy or disable the adversary and perform all of the

guidance and tracking functions without assistance from theI

firing platform. The guidance decisions in the Sidewinder

AAM are made by tracking the thermal radiation emitted from

enemy aircraft. The radiation enters the missile optical

system via a hemispherical dome on the nose of the missile.

Long range and high speed require sleek, low-drag air-

frames and efficient, high power engines. In the visible or

infrared, accurate measurement of the line of sight (LOS)

from the missile to the target requires optical lenses which

routinely come in the shape of spheres. Spheres and similar

blunt shapes have very high drag coefficients compared to

conical or ogive nose shapes. Thus the Sidewinder and

Chapparal missiles contain excellent optics, yet suffer in

range and operational capability.
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The targets expected to be encountered in surface AAW are

the Soviet anti-ship missiles (ASK). These weapons have

evolved from simple straight line weapons to those with large

warheads, multiple seekers and flight profiles which sometimes

prequire operational tracking systems to perform beyond their

design limits.

The fleet AAW battle doctrine of today is based on a

"defense in depth" concept. According to this concept the

E-2C/F-14/Phoenix combat system will be the first unit to

engage enemy ASH, hopefully at maximum range. The next units

able to engage the ASH at extended range, assuming the target

is above the radar horizon, are the units employing the SM-2

(ER) and SH-l (ER) missiles. While within the SM-2/1 (ER)

engagement envelope, the SH-l (MR) missile enters the engage-

ment at medium range. Finally, once the ASK has penetrated

this missile cover, the defense in depth concept reduces to

a "defend each unit, especially the carrier" concept. In

this region the 5"/54 gun system, Basic Point Defense System,

NATO Sea Sparrow and Phalanx system are brought to bear.I

The battle group could conceivably consist of an aircraft

carrier, three Aegis cruisers, two SM-l (ER) cruisers, two

guided missile destroyers, two guided missile frigates, two

fast frigates and three destroyers; or a total of fifteen

units not including logistics ships. The capital assets for

the ships, aircraft and equipment are in the tens of billions

of dollars and perhaps 10,000 men. These assets demand

20



protection. However, with three exceptions the AAW combat

systems presently in the fleet, or near operational status

are not designed to engage a low-flying ASM in a timely

manner. The exceptions are the Aegis cruiser, NATO Sea

Sparrow system and Phalanx system; even with these three

systems, there exists a gap in the 1-10 nautical mile range

in the defense in depth concept.

A possible attack scenario is with the battle group
steaming in an AAW formation when the Soviet commander

launches a series of three saturation raids of ASM's against

arrive at the moment when the U.S. forces are totally engaged

with the previous raid. Hence, the second and third raid

will substantially penetrate the battle group, with perhaps

the carrier and several of the major escorts at least mission

disabled. The Soviet commander can now operate at will.

Two factors are critical to the battle group commander:

munition assets and engagement time. Compared to the number

of threats in a saturation attack, the battle group's missile

assets are limited in number with limited reload capability.

The battle group commander's gun ammunition assets are large,

compared to the available missiles. However, with the

current gun systems the engagement time per round is extreme-

ly long, on the order of 60 seconds. If the gun engagement

time could be reduced by a factor of 2, then each gun barrel

could be twice as effective.

21



Unguided, ballastic projectiles can be replaced by gun

S launched missiles (GLM). The GLM flying at Mach 3.0 can

intercept in 15 seconds an inbound ASH flying at Mach 1.0 at

a range of 20,000 yards. This engagement time and range are

superior to any close-in system presently in the fleet.

Therefore the GLZ4 enhances the battle group's capability to

survive a raid which saturates the group's long range combat

systems. The GLM is not designed to replace any existing

systems but complement them by providing the ability to

strike out and defeat the enemy in the region from I to 10

nautical miles. In this range interval, defense capability

presently exists; however, the magazine capacity is limited.

The GLM will accomplish the ASMD task by marrying existing

ramjet technology and a new generation of missile optics to

provide a missile which is able to defeat the Soviet ASM at

a range far greater than is realizable with today's gun

systems.

This thesis involved the writing of and the application

of computer algorithms to accomplish the following:I
1) Compute and trace monochromatic light rays through

a conical lens.

2) Compute a refracting surface to focus monochromatic

light rays to a point on the GLM axis.

3) Apply an optimization computer algorithm to the lens

design problem.

4) Apply gradient index optics (GRIN) to the lens design.

22



B. ASSUMPTIONS ANID SIGN CONVENTION

* The computer algorithms are written based on Sniell's

law without approximations. All rays are assumed to be

transmitted without loss of energy in the medium. When

total internal reflection occurs, the ray is assumed to

stop at the point of reflection. The algorithms are

written to provide a basic understanding of the optics

involved. Flexible computer programs have been written

with the capability of adding ray tracing ability by

adding subroutines.

The medium ahead of th~e GLM. is assumed to be air.

Flying at Mach 3.0 the GLZ4 will produce shock waves which

will act like a refracting surface [1]. This thesis assumes

the air to be homogenous, isotropic, linear, time indepen-

dent (HILT) and free of shock waves in order to investigate

the fundamental problem of designing a conical lens. The

lens medium and the medium after the lens are assumed to

be composed of an HILT material unless otherwise noted.

The sign convention used is a right-handed system with

distances positive to the right and up as seen by the reader.

All angles are positive for a counterclockwise rotation from

the horizontal axis to the point in question. When used in

derivation of geometrical relationships, the absolute values

of angles are used in all trigonometric expressions.

All linear dimensions are inches unless otherwise noted.
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II. FIRST SURFACE

A spiked nose used as a ramjet inlet optimizes the

aerodynamic qualities yet degrades the optical qualities.

Figure 1 [2] illustrates the inability in the past of a

spiked nose to focus light rays while a sperical lens

accomplishes an excellent focus. Thus, optimizing the

* aerodynamic qualities degrades the optical qualities and

* I vice versa.

Replacing the solid propellant rocket motor now used

on most missiles with a ramjet engine further complicates

the compromise between optical quality and aerodynamic

efficiency. Replacing the rocket with an air-breathing

ramjet is motivated by fuel economy and the ability to

throttle the ramjet. The ability to throttle allows the

missile to fly a thrust equal drag trajectory. This type

of trajectory results in a vacuum-like trajectory with

less sensitivity to wind and a marked increase in maximum

range (3].

Ramjets operate with inlets configured for cruise

performance at the design Mach number. The configuration

of the inlet shown in figure 2 is based on a design Mach

number of 3.0 (3]. The spike of the inlet is a combination

of a cone and curved geometry to provide high pressure

recovery during supersonic operation [3].
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The inlet spike geometry is a complex surface which

further complicates the task of the lens system which is

to form an image of the target on the GLM axis. The inlet

is a fluid mechanical device, called a diffuser, used to

decelerate the air flow to a subsonic Mach number. The

diffuser converts the kinetic energy of the flow into an

increase in pressure of the air, known as pressure recoveryt

and decelerates the flow to a subsonic Mach number. Diffusers

are required because the combustion of fuel is more efficient

at high pressure and low velocity.

A desirable inlet is one whi.ch decelerates the flow at

constant entropy, produces no shocks, creates zero drag

exclusive of ram drag, and is insensitive to angle of attack.

Inlets which operate off the design Mach number may have

additive drag. Additive drag is the sum of the forces

acting along the streamline A-B shown in figure 3 [4]. The

pressure multiplied by the area of the streamtube A-B is a

force which is in a direction opposite to that of flight and

therefore is drag. Examples of other types of supersonic

Kdiffusers are shown in figures 4 and S [4].
The marriage of missile optics and a controllable engine

promises a potent weapon. Preliminary feasibility studies

have shown that ramjet engines, control systems, guidance

laws and warhead designs can be integrated into a 5"/54

projectile [2,3,5,6]. The optical system has been identified

as a major subsystem which requires additional investigation.
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Specifically, the lens, which is required to focus the image

£ of the target, is the stumbling block to an efficient ramjet

design. A blunt nose cannot be used because of poor pressure

recovery and large additive drag. Therefore, some type of

an inlet using a spike must be used. The spike must also be

a lens capable of forming an image on the GLM axis. The lens

must have a large enough aperture and field of view to provide

the GLM with sufficient data to maintain and accurately

measure the line of sight.

This thesis is based on an inlet design by Brown [3]

using data from Faro [7] shown in figure 2. The inlet is a

150 conical tip, axisymmetric, isentropic spike for a design

Mach number of 3.0. The spike atudied in the thesis is a

cone having approximately the same length-to-diameter ratio
as the inlet in figure 2 [3]. Rence, the first optical

surface used for ray tracing is a cone with a 21° half-angle.
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44 II

III. SECOND SURFACE GENERATION: DIRECT SOLUTION

The direct solution to designing a conical lens consists

of solving Snell's Law at a point T shown in figures 6 and 7

along the refracted ray within the lens. Point T is located

below the line QP in figure 6. When T is in this position

relative to QP, the geometry is referred to as the low region.

When T is in the position shown in figure 7, the geometry is

referred to as the high region. When T is on the line QP,

i.e. Pi - B, the low region geometry is assumed.

The following discussion is the derivation of expressions

for P2, the angle with respect to the GLM axis of the ray

refracted at T which passes through the design focal point

I P, and a2, the angle which the tangent line at T makes with

respect to the GLM axis. The derivation will only discuss the

low region, because the procedure for the high region is

identical and only the results for the high region will be

given. The magnitude of a line segment is shown by stating

the endpoints of the line segment in uppercase letters or by

a single lower case letter.

Let QP-L, QT-s and OP-f; then according to the law

of sines sina/t- (sin(w-[a+I8I]))/f. This relation

simplifies to

.- f sina (1)
sin (a+1 1)

0
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Next, note that

RT = s sin(lpll -IJI) (2)and RT = (PQ-QR)tan(IjI-jP2J) (3)

Now PQ-QR-t-s cos( I pI-I J ). Substituting this into

equation (3) and solving for tan(181-Ip2) yields

tan(IBI-IP21) = f sins (IpiI-j) (4)

sin(a+181) - li ii

Consequently the formula for IP21 becomes jal - arctan{}.

Using equation (4), Pl, the angle with respect to the GLM

axis of the ray refracted at Q, apply Snell's Law at T.

Thus, referring to figure 6

n
sinO R n sine, % n23sinO1  (5)

where eR= INORMI-1pzl and 8= INORMI-1pIl.

Substituting these expressions into equation (5) yields a

relation involving the sine of two angles. Expanding the

sine expressions and solving for tanINORMI yields

sinjp2j - n23sinp In 2 c s p I
tan INOR41 - (6)

cosIpl - nIcosIPI

and INORMI = arctan{ }. Equation (6) must be greater than

or equal to zero for the expression to be valid. Then

a2 -NORMI1 (7)
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The result of the derivation for the high region yields

tan(f pa-101) s sin(J08-IPz) (8)
f sini -s cos(11-Ipil)

sin (a+ (8 I1

tanINORI = 23 sin(9)l - sinlp2)

23 costpil - coslpal

and solving for a2 gives

a= INORM (10)

Therefore, a2 is a complicated relationship involving

incident ray position, denoted by 6, cone half angle a,

design focal point P, the refractive-indices nI, n2, and n

and position s along the ray within the lens. In order for

a systematic study to be conducted, the parameters a, f,

n , n 2  and n3 are assigned specific values. The parameter

0 is determined by the position of point Q on the first4

surface. The angle of pi, is determined by the incident

ray angle with respect to the first surface, nl, and n2.'

Therefore, with the values for the parameters, either fixed

or calculated, a design chart relating a2 with the position

along the ray in the lens s shown in figure 8 can be

generated. The numbered curves correspond to numbered rays

entering the lens. The rays are numbered consecutively

beginning with the one nearest the GLM axis.

36



40 0

77 A

, AD

:4i i''.l 9

H
S ............. . .......... ..... . ... ..... .....

. ...... . r4

V" 4

................. °° ' .. . .. .... . ..... .. . ..

... ..... .... ..... ....

~.... ... ....... I ...... !..... " ......" ..... ..... , -- -i...... .... . ..... t.'

LO I *) 0 N

.' 2i.llBl3 ) 2211; JnS Pucz"S 24H

')QI Vululk.Ll a44 kct! 2ieuW ". dlHji

37

/ C... .9



The actual design process involves selecting a starting

W point, Ti, on a given ray and noting the magnitude ofs

as shown in figure 9. With that value of sV, enter the

design chart in figure 8 and read the value of a2 fromA

curve number 1. Returning to figure 9 extend a line from T1

using az until that line intercepts the next ray at T2.

Measure the value of s2 and enter figure 8 to obtain the

value of a2 2 from curve number 2. Return to figure 9 and

extend a line from T2 to intercept the next ray, etc. This

process continues until all of the rays are intercepted or

the first surface is intercepted. Once the intercept point

T and the angle of the tangent line at2 is knowna, the ray

can be refracted at T. Equations (4) and (7) for the low

3 region and equations (8) and (10) for the high region

accomplish the refraction. The result of each refraction by

design result in a refracted ray through the focal point P

as shown in figure 10.

The design procedure does not produce a single surface

which can be used to refract light through the focal point.

The surface designed depends on which ray was chosen as the

initial ray and the value of s along that ray where Ti

is positioned. Thus, a small family of surfaces illustratedj

in figure 11 can easily be calculated to provide a choice of

lens second surfaces to the optical engineer.

surfaces generated by the design procedure. In order for Thaesdsge utcos rmtefml fscn
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consistent set of decisions to be made a set of design crite-

ria for this thesis are:

1) that th lens must b as thin as possible.

2) hatthelens have as large an aperture as possible.

The aperture is defined to be the difference in

radius between the maximum and minimum radii from

the GLM axis at which light rays enter the lens and

are refracted through the focal point.

3) that the focal length to diameter ratio, f/d, is

a minimum and in no case greater than 4.I

Using the stated design criteria, surface number 1 in

figure 11 is the logical choice because it is the thinnest

and has the maximum aperture of the 5 surfaces provided.

All of the surfaces have the sam f/d ratio of 2.73.

Each member of the family of surfaces is generated by

using straight lines. Since a real surface will not be a

series of flat surfaces but a smooth continuous surface with

no discontinuities, an inherent error exists in the design.I

The error can be reduced substantially by using a large

number of rays to provide a large number of line segments

to approximate a continuous surface. The designer must now

choose the number of rays to be used, repeat the design

process and generate the design chart for the final lens

design using, for example, 26 rays in figure 12. Using

figure 12, the designer calculates the final lens design

in figure 13 beginning with the starting point which is the
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end of a curve number 1 in figure 12. Thus Ti is near 1
the GLM axis and a 2 - 21

A ray diagram shown in figure 14 illustrates the paths

of the light rays through the lens generated using the

design chart in figure 12. A histogram showing the distri-

bution of light rays on the image plane reveals that the

light rays do pass through one design focal point plus or

minus an half-increment width. The width of an increment

is defined as the maximum radius of the GLM divided by the

desired number of intervals. For example, if the maximum

radius of the GLM is 1.1 inch and 100 intervals from the

GLI4 axis to a radius of 1.1 inch then the increment width

is 0.011 inch. In order to position an interval on the

t origin, an increment is centered on the origin. The effect

of this operation is to add a half-increment at the maximum

value of the radius. Therefore, for the entire GLM a total

of 2 x 100 + 1 - 201 increments are used to generate a

histogram. The fact that all of the rays intersect the

focal point shows the calculations are correct for this

particular lens.

An automated computer algorithm, CHART, has been written

to construct a design chart and calculate a family of sur-

faces from that design chart. CHART waits until the operator

chooses a particular surface from the presentation and the

number of rays desired to calculate a final surface. Next,

CHART will compute the final surface and present it to the
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operator. Tbhe operator can choose to stop or draw a ray

diagram to show the effectiveness of the design. If the ray i
diagram is chosen a histogram of ray distribution on the

image plane is presented to the operator. If the operator

wants to design a lens using another surface, the entire

procedure must be repeated.

The following figures are a sample run of CHART to design

a lens. Tables containing the initial parameter values and

calculated data are located in Appendix A. The design chart

in figure 16 was generated using the initial parameter infor-I

mation in Table A-Il. The family of second surfaces in

figures 18 and 19 were calculated using the end of each

numbered curve in figure 16 as the starting point Tl for

C each numbered second surface in figures 17 and 18. The

information used to draw figures 17 and 18 is in Table A-III.

The rays shown in figure 18 were used to generate the design

chart and family of second surfaces figures 17 and 18. The

maximum length of a ray in the lens is defined as QA, the

distance from the intercept of the incident ray and theI

first surface to the GLIC axis. The calculated information

used to draw the family of second surfaces in figures 17 and

18 is found in Table A-IV. A comparison of QA and the value

of s used as the starting point T1 for each family,

$ais found in Table A-V.
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Surface number 1 was chosen because the surface satis-

fied all of the design criteria. The final design chart

shown in figure 19 was generated using 26 rays. The number

of rays actually entered into the computer was 25, CHART

then calculates the aperture of the lens using the chosen

surface. If the lower limit of the aperture is not the GLZ4

axis, CHART adds one ray to the number entered to use as

the starting ray. This method insure a ray will be drawn

at the maximum and minimum boundaries of the aperture. The

calculated data used to generate the design chart in figure

19 is listed in Table A-VI.

The final lens design shown in figure 20 consists of a

surface defined by 26 points rather than 210 with the initial

design. The coordinate values for the final surface are

found in Table A-VII. The refinement of the surface obtained

by using 26 rays is illustrated by comparing the end points

of the surfaces listed in Tables A-VII and A-IV. The changes

ix, y are (-0.009,Q 0.013) inch. The change in sis

(-0.016) inch. Hence, the lens designer should be aware

of the tendency of the final surface to move towards the

first surface, possibly resulting in the design surface

intercepting the first surface prior to the GLM wall at the

maximum radius from the axis. This effect results in a

decrease in aperture, a violation of the design criteria.

The final design surface is then drawn within an outline

of the GLZ4 shown in figure 21 illustrating the symmetry of
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the design and the location of the leng within the missile.

Aray diagram using the final lens design shown in figure

22 with the distribution of the rays on the image plane

shown in figure 23. The coordinate values used to draw the

ray diagram in figure 22 are liste d in Table A-VIII.
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IV. RECOmmENflATIONS FOR FUTURE WORK

This thesis investigated part of the properties of a

conical lens. Future studies should investigate:$

a) the effect of skew rays on the image.

b) the effect of total internal reflection on the image.

c) the calculation of monochromatic and chromatic

aberrations for the conical lens.

d) the availability and applicability of materials to

use for a lens.

e) the effect on the incident rays of the shock wave

in the air ahead of the GLM.

f) the effect on the image of an object not on the
lens axis.

g) the effect on the image when the object is no

longer in the far field and the curvature of the

ray front must be taken into account.

h) the ability of a conical lens to focus coherent

and incoherent light.
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V. CONCLUSIONS

The completed design of figure 22 indicates that a '

conical lens can focus incident light which is parallel

to the GLM axis. The conical lens design is compatible

with the aerodynamic requirements of high pressure

recovery and low drag. The ability to provide optical

guidance information to the GLZ4 powered by an integral

rocket ramjet may provide the battle group commander

with an inexpensive ASI4D weapon for shipboard use.I
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APPENDIX A

CHART SAMPLE OUTPUT AND PROGRAM LISTING .

S;,
This appendix contains the program listing for CHART.

The subroutines listed in Table A-I were copied or derived

from the HP-9845 utilities library, cassette number 2,

Ser. No. 09845-10205, program REGPLT.

Subroutines DRIVER, POLYNOMIAL and PLOT-CUBIC are not

implemented in the present version of CHART because of timeI

constraints. They are designed to be used to fit a poly-

nomial of degree 3, a cubic, between four points to estimate

the shape of the second surface. The requirement to fit a

curve stems from the fact that the trajectory of a ray cannot

be calculated if the ray does not coincide with a known ray

trajectory. Hence, two options are open. The first is to

calculate an infinite number of points on the second surface

which is not practical. The second option is to estimate the

actual shape of the second surface with an analytic expression,

a cubic in this application. The error of the estimate can

be reduced by designing a second surface with a large number

of points. CHART has been written to design a lens with a

maximum number of 250 points.

CHART, an implemented on the HP-9845T is a slow program.

The design procedure described in chapter III requires

approximately fifteen minutes for an experienced operator.

K 61



Therefore, if the initial and final design charts used

more or less rays then the computation time should be

4 scaled accordingly.
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C TABLE A-I
SUBROUTINES DERIVED PROM THE HP-9845B UTILITIES LIBRARY

Name Line Number

Plot 3710L

S Laxe s 5280

Driver 13910

Polynomial 14400

P lot-Cubic 14910

mi 21040

Max 21160 1
I

I

SURU0E EIE RMTEH-85 TLTE IRR
Name ine Nmber3

__lo________710 - -
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C
TABLE A-If

INITI L P lTERI VALUES

Alpha * 21." degrees Rho-initial .

TANC(IphA) a .30 TAN(ENO-INITIRL) - 0.00

RHOI a -51.50 degrees Thet&(critical) 1 14.46 degrees

GLK R&dus a 1.10 inches
Rpertvre a 1.10 Ya - ." inch Yb w 1.10 inches

n- a I - 0"" n2 a 4.00000 n3 1.0a0

Nuaber of Rays a Is

Design Focal Point * 4.00 inches
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TABLE A-III

CALCULATED DATA USED TO CONSTRUCT THE DESIGN

CHART IN FIGURE 16.

RAY BETA THETA(RAY) HORPAL s ALPHR2 RHO 2

1 -1.697 13.317 -69.829 6.006 21.180 -1.697

1 -L.697 13.326 -68.829 .097 21.171 -1.614

1 -1.697 13.335 -69.838 .013 21.162 -1.530

1 -1.697 13.344 -60.847 .028 21.153 -1.447

1 -1.697 13.354 -68.856 .027 21.144 -1.363

1 -1.697 13.363 -68.866 .833 21.134 -1.279

-t.697 13.372 -68.875 .040 21.125 -1.195

1 -1.697 13.381 -68.884 .647 21.116 -1.111

1 -1.697 13.390 -68.893 .053 21.107 -1.027

-t.697 13.399 -69.962 .066 21.096 -.942

a -!.697 13.406 -68.911 .867 21.089 -.857

1 -1.697 13.417 -68.928 .073 21.088 -. 772

1 -1.697 13.426 -68.929 .080 21.071 -.687

1 -1.697 13.435 -68.930 .807 21.62 -.602

1 -1.697 13.444 -68.94? .093 21.053 -.517

t -1.697 13.453 -68.956 .100 21.044 -.431

1 -1.697 13.462 -68.963 .197 21.835 -.345

1 -1.697 13.411 -68.974 .113 21.026 -.259

1 -1;697 13.479 -60.962 .120 21.018 -. 173

1 -1.697 13.498 -60.991 .127 21.009 -.08"

1 -1.697 13.479 -68.982 .128 21.91, -. 173

1 -1.697 13.408 -60.983 .121 21.017 -. 164

1 -1.697 13.461 -68.964 .121 21.016 -. 156

1 -1.697 13.462 -68.965 .122 21.015 -.147

1 -1.697 13.403 -64.966 .123 21.014 -.138

1 -1.697 13.404 -68.96? .123 21.013 -.136

1 -1.697 13.405 -68.98 .124 21.012 -. 121

1 -1.697 13.406 -69.969 .125 21.011 -. 112

1 -1.697 13.486 -68.989 .125 21.011 -. 104

1 -1.697 13.407 -60.990 .126 21.010 -.095

1 -1.697 13.486 -60.991 .127 21.889 -.987

1 -1.697 13.469 -68.992 .127 21.08 -.078

-1.697 13.498 -68.993 .128 21.007 -.969

1 -1.697 13.491 -68.994 .129 21.006 -.061

1 -1.697 13.492 -68.995 .129 21.005 -.052

1 -1.497 13.493 -60.996 .130 21.064 -.043

1 -1.697 13.494 -60.996 .131 21.804 -.035

1 -1.697 13.494 -68.997 .131 .1.003 -.926

1 -1.69? 13.495 -68.998 .132 21.002 -.017
1 -1.697 13.496 -8.999 ,133 21.61 -. 0899
1 -1.697 13.495 -68.998 .133 21.002 -.01?
1 -1.697 13.495 -60.996 .132 21.682 -.016

1 -1.697 13.495 -68.990 .132 21.062 -.816

1 -1.69? 13.496 -68.999 .132 21.091 -.015

1 -1.697 13.496 -68.999 .132 21.001 -.014

1 -1.697 13.496 -66.999 .132 21.091 -.913

0
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C
TABLE A-III (CONT)

tAY IETA THETA(RAY) NORAL S ALPHA2 RHO 2

1 -1.697 13.496 -69.999 .033 21.61 -.812
1 -1.697 13.496 -68.999 .133 21.861 -.011

-1.697 13.496 -68.999 .133 21.001 -. 010
1 -1.69? 13.496 -68.999 .133 21.061 -. 010
1 -1.697 13.499 -68.999 .133 21.001 -.099
1 -1.697 13.496 -68.999 .133 21.061 -.SOS
I -1.697 13.496 -68.999 .133 21.061 -.807
1 -1.697 13.496 -68.999 .133 21.081 -.06
1 -1.69? 13.497 -68.999 .133 21.01 -.085
1 -1.697 13.497 -69.96 .133 21.086 -.004
1 -1.697 13.497 -69.866 .133 21.800 -.003
1 -1.697 13.497 -69.906 .133 21.666 -.063
1 -1.697 13.497 -69.688 .133 21.866 -.002
1 -1.697 13.497 -69.868 .133 21.068 -.061
1 -1.697 13.497 -69.68 .133 21.800 -.002

-1.697 13.497 -69.09 .133 21,860 -.082
1 -1.697 13.497 -69.808 .133 21.08 -.062
1 -1.697 13.497 -69.960 .133 21.000 -.081
1 -1.697 13.497 -69.060 .133 21,088 -.Oat
1 -1.697 13.497 -69.088 .133 21.066 -.061
£ -1.697 13.497 -69.888 .133 21.86 -.801
1 -1.697 13.497 -69.668 .133 21.986 -.s1
1 -1.697 13.497 -69.080 .133 21.80 -.001
1 -1.697 13.497 -69.086 .133 21.80 -.091
1 -1.697 13.497 -69.e66 .133 21.066 -.001
1 -1.697 13.497 -69.868 .133 21.880 -.0s1
1 -1.697 13.497 -69.066 .133 21.606 -.0e8
1 -1.697 13.497 -69.e66 .133 21.868 -.001
1 -1.697 13.497 -69.080 .133 21.809 -.0801
1 -1.697 13.497 -69.66 .133 21.-00 -. 00
1 -1.697 13.497 -69.686 .133 21.00 -.0001 -1.697 13.497 -69.000 .133 21.060 -.000
1 -1.697 13.497 -69.0O6 .133 21.00 -.060
t -1.697 13.497 -49.666 .133 21.80 -.006

1 -1.69? 13.49? -49.666 .133 21.068 -.8o@

2 -3.673 13.86? -68.589 0.9oo 21.411 -3.673
2 -3.673 13.108 -68.611 .613 21.399 -3.498
2 -3.673 13.129 -68.632 .627 21.368 -3.321
2 -3.673 13.1 6 -68.653 .840 21.347 -3.144
2 -3.673 13.171 -60.674 .653 21.326 -2.966
2 -3.673 13.192 -68.54 .867 21.305 -2.787
2 -3.673 13.213 -68.716 .066 21.2*4 -2.60@
2 -3.673 13.234 -68.737 .093 21.263 -2.42?
2 -3.673 13.255 -68.759 .187 21.a42 -2.245
2 -3.673 13.276 -68.779 .120 21.221 -2.063
2 -3.673 13.296 -68.799 .133 21.201 -1.460
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TABLE A-III (CONT)

SETR THETA(RRY) NORIMA S RLPHA2 RHO 2

2 -3.673 13.317 -68.820 .147 21.180 -1.696

2 -3.673 13.337 -68.846 .166 21.166 -1.511
2 3:673 13.358 -68.861 .174 21.139 -1.3252 -3.673 13.370 -69.94t .19? 21.119 -1.139

2 -3.673 13.398 -69.901 .290 21.099 -.951
2 -3.473 13.410 -68.921 .214 21.079 -.763
2 -3.473 13.438 -66.941 .227 21.059 -.373
2 -3.673 13.458 -68.961 .246 21.039 -.383
2 -3,673 13.4?? -48.906 .254 21.920 -. 192
2 -3.673 13.459 -60.9st .240 21.039 -.383
2 -3.673 13.460 -68.963 .242 21.037 -.364
2 -3.673 13.462 -69.965 .243 21.635 -.345
2 -3.673 13.464 -68.96? .244 21.633 -.326
2 -3.673 13.466 -66.969 .246 21.031 -.30?
2 -3.673 13.468 -68,971 .247 21.629 -.288
2 -3.673 13.470 -69.973 .248 21.027 -.269
2 -3.673 13.472 -68.975 .256 U1.025 -.249
2 -3.673 13.474 -68.976 .251 21.624 -.230
2 -3.673 13.475 -68.978 .252 21.022 -.211
2 -3.673 13.477 -68.990 .254 21.026 -. 192
2 -3.673 13.479 -68.982 .255 21.018 -. 173
2 -3.673 13.481 -66.904 .256 21.016 -. 154
2 -3.673 13.483 -6G.986 .250 21.914 -.134
2 -3.673 13.465 -64.968 .259 21.012 -. 115
2 -3.673 13.48? -68.990 .260 21.616 -.096
2 -3.673 13.489 -66.992 .262 21.668 -.077
2 -3.673 13.491 -68.994 .263 2.606 -. 58s
2 -3.673 13.493 -60.996 .264 21.04 -.039
2 -3.673 13.495 -68.990 .266 21.602 -. 019
2 -3.673 13.493 -66.996 .264 21.604 -.936
a -3.673 13.493 -60.996 .264 21.084 -. 037
2 -3.673 13.494 -66.996 .245 21.064 -.033

2 -3.673 13.494 -66.99? .265 21.603 -.033
2 -3.673 13.494 -68.997 .245 21.803 -.031
2 -3.673 13.494 -66.997 .265 21.03 -.629
2 -3.673 13.494 -66.997 .265 2t.43 -.627
2 -3.673 13.494 -66.997 .245 21.63 -.025
2 -3.673 13.495 -48.990 .265 21."2 -.023
2 -3.673 13.49 -4.996 .245 21.902 -.621
2 -3.673 13.495 -66.996 .266 21.602 -.019
2 -3.673 13.495 -68.991 .264 21.002 -.017
2 -3.673 13.495 -62.96 .266 21.002 -.015
2 -3.473 13.496 -68.999 .266 21.401 -.013
2 -3.673 13.496 -60.99 .246 21.001 -.912
2 -3.473 13.496 -6.999 .266 2t.061 -.610
2 -3.473 13.496 -48.999 .266 21.001 -.648

0



TABLE A-III (CONT)

RY BETA THETA(RAY) NORIAL S RLPHA2 RHO 2

2 -3.673 13.496 -68.999 .267 21.601 -.006
2 -3.673 13.49? -69.00 .267 21.666 -.064
2 -3.673 13.497 -69.0S .267 21.06 -.602
2 -3.673 13.497 -69.008 .267 21.000 -.804
2 -3.673 13.497 -69.060 .247 21.60 -.004
2 -3.6?3 13.497 -69.696 .267 21.660 -.603
2 -3.673 13.497 -69.66 .267 21.906 -.003
2 -3.673 13.497 -69.006 .267 21.606 -.663
2 -3.673 13.49? -69.000 .26? 21.666 -.003
2 -3.6?3 13.497 -69.066 .26? 21.00e -.003
2 -3.673 13.497 -69.000 .267 21.00 -,103
2 -3.673 13.497 -69.000 .267 21.06 -.002
2 -3.673 13.497 -69.100 .267 21.60 -.002
2 -3.673 13.497 -69.666 .26? 21.00 -. 02
2 -3.673 13.497 -69.00 .267 21.00 -.082
2 -3.673 13.497 -69.80 .267 2t.160 -.092
2 -3.673 13.49? -69.000 .267 21.600 -.301
2 -3.673 13.497 -69.004 .267 21.60 -.001
2 -3.673 13.497 -69.008 .26? 21.666 -.801
2 -3.673 13.497 -69.060 .267 21.066 -.001
2 -3.673 13.49? -69.004 .267 21.906 -.001
2 -3.673 13.497 -69.000 .267 21.00 -.90
2 -3.673 13.497 -69.009 .267 2t.00 -.900
2 -3.673 13.497 -69.00 .267 2t.00 -.000
2 -3.673 13.497 -69.000 .26? 21.00 -. 0
2 -3.673 13.497 -69.90 .26? 21.000 -. 08
2 -3.673 13.497 -69.600 .267 21.006 -.000
2 -3.673 13.497 -69.600 .267 21.000 -.808
2 -3.673 13.49? -69.00 .267 21.0 -.960
2 -3.673 13.497 -69.666 .267 21.60 -.000
2 -3.673 13.497 -69.600 .267 21.00 -. 0
2 -3.673 13.497 -69.00 .267 U1.608 -.800
2 -3.673 13.497 -69.000 .267 21.06 -.86
2 -3.673 13.497 -69.00 .26? 21.090 -.000
2 -3.673 13.497 -69.00 .267 21.006 -. 00
2 -3.673 13.497 -69.0 0 .267 21.000 -.000
2 -3.673 13.49? -69.000 .26? 21.000 -.0e0
2 -3.673 t3.497 -49.000 .267 21.000 -.000

2 -3.673 13.49? -69.00 .267 21.640 -.000
2 -3.673 13.497 -69.0 0 .26? 2t.e0 -. 00
2 -3.673 t3.497 -69.006 .267 21.000 -.000
2 -3.673 13.497 -69.00 .267 2L.0i0 -.000
2 -3.673 13.49? -69.000 .26? 21.000 -.000

3 -5.999 12.767 -68.290 0.60 21.716 -5.V99
3 -9.999 12.623 -40.327 .020 2t.673 -S.722
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TABLE A-III (CONT)

MAY BETA THETA(RAY) NORMAL S ALPHA2 RHO 2

3 -5.999 12.962 -68.365 .046 21.635 -5.442
3 -5.999 12.899 -60.402 .860 21.599 -5.160
3 -5.999 12.934 -68.439 .80 21.541 -4.076
3 -5.999 12.972 -68.475 .10 21.525 -4.509
3 -5.999 13.009 -60.512 .120 21.406 -4.300
3 -5.999 13.043 -6.548 .140 21.452 -4.009
3 -5.999 13.001 -6.584 .160 21.416 -3.715
3 -5.999 13.117 -68.620 .10 21.30 -3.419
3 -5.999 13.153 -46.463 .206 21.344 -3.120
3 -5.999 13.169 -48.692 .220 21.300 -2.019
3 -5.999 13.224 -46.72? .240 21.273 -2.516
3 -5.999 13.259 -_8.762 .260 21.238 -2.210
3 -5.999 13.294 -68.797 .266 21.203 -1.902
3 -5.999 13.329 -40.631 .366 21.169 -1.591
3 -5.999 13.363 -6.964 .320 21.134 -1.270
3 -5.999 13.397 -40.966 .340 21.100 -.962
3 -5.999 13.431 -48.933 .360 21.067 -.644
3 -5.999 13.464 -40.947 .380 21.033 -. 323
3 -5.999 13.497 -69.066 .40 21.00 -.00
3 -5.999 13.464 -68.967 .300 21.033 -. 323
3 -5.999 13.467 -08.970 .362 21.030 -. 291
3 -5.999 13.471 -68.974 .364 21.026 -.259
3 -5.999 13.474 -6.977 .36 21.023 -. 227
3 -. 999 13.477 -3.900 .386 21.020 -. 194
3 -5.999 13.401 -68.963 .39S 21.017 -. 162
3 -5.999 13.464 -68.9S7 .392 21.013 -. 130
3 -5.999 13.487 -46.996 .394 21.616 -.097
3 -5.999 13.496 -6.993 .396 21.007 -.065
3 -5.999 13.494 -46.997 .398 21.003 -.032
3 -5.999 13.497 -49.080 .466 21.068 -.000
3 -5.999 13.494 -40.99? .399 21.03 -.032
3 -5.999 13.494 -6.997 .399 21.03 -.029
3 -5.999 13.494 -0.997 .399 21.003 -.026
3 -5.999 13.495 -68.996 .399 21.002 -.023
3 -5.999 13.495 -60.996 .399 21.662 -.019
3 -5.999 13.495 -60.999 .399 21.02 -.916
3 -5.999 13.494 -40.999 .400 21.601 -.013
3 -5.999 13.494 -48.999 .409 21.01 -.010
3 -9.999 13.496 -40.999 .400 21.061 -.006
3 -5.999 13.497 -69.00 .400 21.00 -.003
3 -5.999 13.49? -49.666 .400 21.04S -.000
3 -5.999 13.497 -49.000 .408 21.0" -.003
3 -5.999 13.497 -69.000 .400 21.00S -.003
3 -5.999 13.497 -49.600 .400 21.000 -.003
3 -5.999 13.497 -49.00 .460 21.000 -.002
3 -5.999 13.49? -49.000 .400 21.000 -. 002
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TABLE A-III (CONT)

RaY DETA THETt(RAY) NORNAL s ALPHA2 RHO 2

a -5999 13.497 -49.0 .400 21.666 -.092
3 -5.999 13.497 -69.00 .400 21.06 -.601
3 -5.999 13.497 -69.000 .460 21.000 -. 0
3 -5.999 13.497 -69.606 .400 21.066 -.06
3 -5.999 13.497 -69.666 .409 21.000 -.000
3 -5.999 13.497 -9.69 .466 21.666 -.00
3 -. 999 13.497 -.696c6 .460 21.060 -.600
3 -5.999 13.497 -69.00 .46 21.600 -.66
3 -5.999 13.497 -69.60o .400 21.06 -.006
3 -5.999 13.497 -69.600 .400 21.600 -.606
3 -5.999 13.497 -69.600 .406 21.60 -. 000
3 -5.999 13.497 -49.06 .400 21.006 -.060
3 -5.999 13.497 -69.666 .40 21.600 -.6003 -5. 999 13.497 -.69.OOO .400 21.00 .o

3 -5.999 13.497 -69.000 .406 21.600 -.666
3 -5.999 13.497 -69.000 .406 21.600 -. 0

4 -8.765 12.391 -47.094 6.666 22.166 -6.765
4 -9.765 12.449 -47.952 .627 22.048 -9.37?
4 -0.765 12.567 -60.010 .653 21.990 -7.964
4 -9.765 12.565 -60.6068 .66 21.932 -7.506
4 -6.765 12.623 -60.126 .167 21.674 -7.162
4 -6.765 12.681 -46.104 .133 21.616 -6.774
4 -6.765 12.736 -66.241 .160 21.759 -6.361
4 -6.765 12.795 -66.296 .167 21.702 -5.942
4 -6.765 12.032 -4.6355 .214 21.645 -5.516
4 -6.765 12.909 -46.411 .246 21.569 -5.669
4 -. 765 12.964 -46.467 .267 21.533 -4.654
4 -6.765 13.020 -40.523 .294 21.477 -4.214
4 -8.765 13.075 -. 8576 .320 21.422 -3.764
4 -9.765 13.138 -60.633 .347 21.367 -3.317
4 -0.765 13.104 -68.647 .374 21.313 -2.6604 -0.765 13.230 -6.741 .400 21.259 -2.390
4 -0.?65 13.291 -68.794 .427 21.206 -1.930
4 -0.765 13.343 -4046 .454 21.154 -1.456
4 -0.765 13.395 -64.990 .466 21.102 -.976
4 -0.765 13.447 -64.949 .507 21.451 -.491
4 -0.765 13.447 -60.949 50? 21.951 -.491
4 -0.745 13.452 -69.955 .516 21.645 -.442
4 -1.?65 13.457 -69.940 .513 21.040 -.393
4 -6.765 13.462 -40.945 .515 21.835 -.344
4 -6.765 13.447 -64.9?0 .516 21.030 -.295
4 - 765 13.472 -68.975 .521 21.025 -.246
4 -6.?45 13.477 -60.90 .523 21.626 -.197
4 -. ?65 13.402 -68.905 .53 21.615 -.146
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Aft

RAY BETA THETA(RAY) NORMAL S ALPHA2 RHO 2

3

4 -6.765 13.407 -66.990 .529 21.610 -.099
4 -?.765 13.492 -68.995 .531 21.685 -.049
4 -. 765 13.492 -68.995 .531 21.665 -.049
4 -0.?65 13.493 -66.995 .531 21.665 -.944
4 -6.765 13.493 -66.994 .532 21.664 -.94e
4 -6.755 13.494 -66.996 .532 21.664 -. 035
4 -. 765 13.494 -69.997 .532 21.663 -.038
4 -0.765 13.495 -66.997 .533 21.03 -.925
4 -6.765 13.495 -69.996 .533 21.602 -.920
4 -6.765 13.496 -68.996 .533 21.002 -.015
4 -6.765 13.496 -69.999 .533 21.661 -. 019
4 -8.765 13.497 -66.999 .534 21.081 -.065
4 -8.765 13.497 -.6.999 .534 21.6O1 -.065
4 -6.765 13.497 -69.6 .534 21.06 -.964
4 -6.765 13.497 -69.666 .534 21.60 -.964
4 -6.765 13.497 -59.0 .534 21.06 -.663
4 -6.765 13.497 -69.606 .534 21.000 -.003
4 -O.765 13.497 -69.666 .534 21.006 -.002
4 -6.765 13.497 -69.006 .534 21.000 -.962
4 -6.765 13.497 -69.006 .534 21.00 -. 061

4 -. 765 13.497 -69.666 .534 21.666 -.661

4 -6.765 13.497 -69.666 .534 21.606 -.696
4 -6.765 13.497 -69.86 .534 21.066 -.096
4 -6.?65 13.497 -69.666 .534 21.00 -.060
4 -o.765 13.497 -6s.o .534 21.9o6 -.0o6
4 -6.765 13.497 -69.06" .534 21.00 -.600
4 -6.765 13.497 -69.o0e .534 21.696 -.600
4 -6.?65 13.497 -69.00 .534 21.006 -.606
4 -6.765 13.497 -69.60e .534 21.#06 -.666
4 -0.765 13.497 -69.006 .534 21.0 -.6oo
4 -0.765 13.497 -49.00 .534 21. "S -.060

5 -12.092 11.656 -67.359 6.000 22.641 -12.092
5 -12.092 11.941 -6?.444 .033 22.556 -11.567
5 -12.092 12.027 -67.530 .667 22.479 -11.673
5 -12.092 12.112 -67.615 .166 22.34d -10.549
5 -12.092 12.197 -67.760 .133 22.36* -10.615
5 -12.692 12.263 -57.7o6 .167 22.214 -9.471
5 -12.692 12.360 -67.671 .200 22.129 -6.917
5 -12.092 12.453 -47.956 .234 22.044 -0.353
5 -12.692 12.537 -46.040 .267 21.940 -?.?70
5 -12.092 12.622 -64.125 .3" 21.75 -7.192
5 -12.092 12.795 -60.20 .334 21.792 -4.596
5 -12.692 12.789 -46.292 .367 21.706 -5.969
5 -12.092 12.071 -60.374 .40 21.626 -5.376

0
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TABLE A-III (CONT)

RAY KYR TNETM(ROY) NORMAL s RLPHA2 RHO 2

5 -12.692 12.953 -66.456 .434 21.544 -4.740
S -12.092 13.034 -60.537 .467 21.463 -4.099
S -12.092 13.114 -63.617 .561 21.363 -3.446
5 -12.092 13.193 -46.696 .534 21.304 -2.701
5 -12.92 13.271 -60.?74 .567 21.226 -2.104
5 -12.092 13.340 -68.651 .61 21.149 -1.415
5 -12.092 13.423 -69926 .634 21.674 -. 714
5 -12.092 13.340 -60.651 .601 21.149 -1.415
5 -12.092 13.355 -60.858 .664 21.142 -1.345
5 -12.092 13.363 -6.8.66 .667 21.134 -1.275
5 -12.692 13.371 -66.874 .611 21.126 -1.206
5 -12.692 13.376 -68.601 .614 21.119 -1.136
5 -12.692 13.304 -68.089 .617 21.111 -1.66
S -12.692 13.393 -66.696 .621 21.164 -.995
5 -12.092 13.461 -66.904 .624 21.096 -.925
5 -12.092 13.466 -68.911 .627 21.009 -.955
S -12.692 13.416 -68.919 .631 21.661 -.784
5 -12.092 13.423 -60.926 .634 21.674 -.714
5 -12.092 13.431 -6S.934 .637 21.666 -.643
5 -12.092 13.430 -66.941 .641 21.659 -.572
5 -t2.092 13.446 -69.$48 .644 21.652 -.561
5 -12.092 13.453 -66.956 .647 21.044 -.436
5 -12.092 13.460 -68.963 .651 21.037 -.356
5 -12.092 13.466 -66.971 .654 21.029 -.267
S -12.092 13.475 -68.978 .657 21.622 -.215
5 -12.092 13.402 -66.965 .661 21.915 -.144
5 -12.692 13.490 -6a.993 .664 21."07 -.672
5 -12.692 13.462 -66.905 .661 21.615 -.144
5 -12.092 13.463 -66.966 .661 21.614 .,137
5 -12.692 13.464 -66.967 .661 21.613 -.129
5 -12.692 13.465 -48.968 .692 21.012 -.122
5 -12.692 13.405 -68.98 .662 21.612 -.115
5 -12.692 13.406 -66.969 .662 21.611 -.180
5 -12.092 13.407 -40.996 .663 21.016 -.161
5 -12.692 13.40 -6.9990 .663 21.019 -.693
5 -12.092 13.466 -6.991 .63 21.09 -. 063
5 -12.392 13.489 -69.992 .664 21.669 -. 679
5 -12.692 13.496 -46.993 .664 21.067 -.079
S -12.092 13.490 -48.993 .664 21.07 -.05

5 -12.092 13.491 -.6994 .645 21.07 -.956
S -12.092 13.492 -60.995 .645 21.4605 -.050
5 -12.92 13.493 -46.994 .665 21.404 -.643

5 -12.692 13.493 -46.996 .669 21.664 -.634
5 -12.692 13.494 -66.997 .464 21.003 -.029
5 -12.692 13.495 -66.996 .666 21.602 -.022
S -12.992 13.496 -68.999 .667 2161.1 -.614
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TABLE A-III (CONT)

RaY SETA THETA(RAY) HORMAL S ALPHA2 RHO 2

5 -12.92 13.494 -64.999 .447 21.61 -.007
5 -12.692 13.497 -69.600 .44? 21.66S -.000
5 -12.092 13.496 -69.999 .667 21.001 -.067
5 -12.092 13.496 -69.999 .667 21.061 -.006
5 -12.692 13.496 -68.999 .467 21.061 -.86
5 -12.092 13.497 -66.999 .667 21.601 -.005 .
5 -12.092 13.497 -69.666 .667 21.009 -.664,
5 -12.092 13.497 -69.00 .667 21.606 -.004

5 -12.692 13.497 -49.000 .647 21.666 -.663

5 -12 ,92 13.497 -69. 666 .6? 21.000 -.0 2
3 -12.092 13.497 -69.000 .467 21.096 -.001
5 -12.692 13.497 -69.606 .667 21.60 -.001
5 -12.92 13.497 -69.000 .667 21.000 -.009
s -12.692 13.497 -69.0 .667 21.060 -.061
5 -12.692 13.497 -69.00 .647 21.060 -.001

5 -12.692 13.497 -69.0" .467 21.00 -.001
5 -12.692 13.497 -69.666 .64? 21.6 -.061
5 -12.092 13.497 -69.666 .667 21.660 -. 0
5 -12.692 13.497 -69.66o .667 21.000 -.0605 -12.092 13.49? -49.666 .447 21.600 -.666
5 -12.692 13.497 -69.666 .647 21.00 -. 6
5 -12.092 13.497 -69.666 .667 21.666 -.969
5 -12.092 13.497 -69.6ee .667 21.6 -.666

S -12.692 13.497 -49.00 .667 21.666 -.06

6 -16.140 11.120 -66.623 6.060 23.377 -16.146
6 -16.140 11.239 -64.742 .046 23.256 -19.519
6 -16.140 11.359 -66.042 .060 23.136 -14.002
6 -16.146 11.479 -66.942 .126 23.016 -14.227
6 -14.140 11.601 -67.104 .160 22.896 -13.554
6 -14.140 11.723 -67.226 .266 22.774 -12.066
6 -14.140 11.645 -67.346 .246 22.652 -12.157
4 -14.140 11.960 -67.471 .260 22.529 -11.430
4 -14.146 12.906 -47.593 .320 22.407 -10.683
• -16.140 12.213 -47.716 .360 22.264 -9.916
4 -16.140 12.336 -67.839 .460 22.161 -9.120
4 -16.140 12.456 -67.961 .440 22.039 -8.319
6 -16.140 12.579 -40.082 .406 21.918 -?.406
4 -16.140 12.70 -48.203 .521 21.797 -4.635
6 -16.140 12.819 -46.322 .541 21.678 -5.759
4 -16.146 12.930 -46.441 .401 21.559 -4.946
4 -14.140 13.054 -6.557 .641 21.443 -3.937
4 -14.140 13.149 -.6.4?2 .601 21.320 -2.996
6 -14.140 13.261 -6.764 .721 21.216 -2.619
4 -M140 13.390 -46.93 .761 21.16? -1.022
4 -1.140 13.201 -66.704 .721 21.214 -2.619
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TABLE A-III (CONT)

RAY BETA THETACRAY) NORMAL s ALPHA2 RHO 2

6 -16.140 13.292 -68.795 .725 21.205 -1.920
6 -16.146 13.303 -66.866 .729 21.194 -1.021
6 -16.146 13.314 -68.817 .733 21.163 -1.722
6 -16.146 13.325 -66.829 .737 21.172 -1.623
6 -16.140 13.336 -68.639 .741 21.161 -t.524
6 -16.148 13.347 -66.658 .745 21.156 -1.424
6 -16.140 13.356 -68.861 .749 21.139 -1.324
6 -16.146 13.369 -68.872 .753 21.128 -1.223
6 -16.140 13.360 -68.883 .757 21.117 -1.123
6 -16.14, 13.398 -68.693 .761 21.107 -1.022
6 -16.144 13.481 -68.904 .765 21.096 -.921
6 -14.146 13.412 -66.915 .769 21.005 -.826
6 -16146 13.423 -66.926 .?73 21.074 -.718
6 -16.140 13.433 -66.936 .777 21.664 -.616
6 -16.14: 13.444 -68.947 .761 21.953 -.514
6 -16.146 13.455 -66.956 .765 21.642 -.412
6 -16.140 13.465 -68.968 .789 21.032 -.39
6 -16.146 13.476 -68.979 .793 21.021 -.206
6 -16.140 13.487 -68.969 .797 21.611 -. 163
6 -16.148 13.476 -68.979 .793 21.821 -.206
6 -16.146 13.477 -66.980 .793 21.629 -. 196
6 -16.146 13.479 -66.961 .794 21.019 -. 186
6 -16.146 13.479 -66.982 .794 21.616 -.176
6 -16.146 13.466 -68.983 .794 21.617 -. 165
6 -16.146 13.401 -68.904 .795 21.616 -. 155
6 -16.14: 13.482 985 .795 21.615 -. 145
6 -16.146 13.463 -68.986 .796 21.614 -. 134
6 -16.146 13.464 -66.987 .796 21.813 -.124
6 -16.140 13.465 -68.966 .796 21.612 -. 114
6 -16.14: 13.467 -68.969 .797 21.611 -. 163
6 -16.146 13.466 -68.991 .797 21.669 -.693
6 -16.140 13.489 -68.992 .798 21.688 -.083
6 -16.146 13.496 -68.993 .798 21.867 -.672
6 -16.146 13.491 -68.994 .796 21. d -. 062
6 -16.148 13.492 -68.995 .799 21.665 -.052
6 -16.146 13.493 -68.996 .799 21.604 -.041
6 -16.140 13.494 -66.997 .646 21.063 -.931
6 -1. 146 13.495 -60.998 .0o 21.002 -.021
6 -16.146 13.4% -6.999 .066 21.801 -.919
6 -16.140 13.495 -90.99 .SO$ 21.002 -.021
6 -16.146 13.495 -40.996 .666 21.02 -.020
6 -164146 13.495 -60.990 .860 21.02 -.619
6 -16.140 13.495 -66.996 .s 21.002 -.910
6 -16.140 13.495 -66.996 .666 21.662 -. 617
6 -16.140 13.495 -60.996 .666 21.002 -.016
6 -16.140 13.496 -66.999 .666 21.861 -.014
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TABLE A-III (CONT)

4 i

RAY DETA THETA(RAY) HORMRL s RLPHR2 RHO 2

6 -16.14S 13.496 -66.999 .i6 21.661 -. 013
6 -16.140 13.496 -66.999 .000 21.061 -.012
6 -14.140 13.496 -68.999 .006 21.001 -.911
6 -16.140 13.496 -68.999 .0e0 21.001 -.010
6 -16.144 13.496 -60.999 .690 21.661 -.089
6 -16.140 13.496 -60.999 .606 21.901 -.966
6 -16.146 13.496 -66.999 .001 21.001 -.097
6 16.140 13.496 -60.999 .961 21.601 -.006

-16.149 13.49? -68.999 lost 21.001 -.905

6 -16.140 13.49? -69.000 .901 21.000 -.004
6 -16.140 13.49? -69.606 .861 21.66 -.993
6 -16.140 13.49? -69.46 .801 21.000 -.002
6 -16.140 13.49? -G9.066 .661 21.06 -.601
6 -16.146 13.49? -69.060 .861 21.600 -.060

? -21.114 19.480 -65.591 6.660 24.409 -21.114
7 -21.114 10.246 -65.749 .94? 24.251 -26.394
7 -21.114 16.406 -63.969 .693 24.091 -19.64?
7 -21.114 10.50 -66.073 .140 23.92? -18.872
7 -21.114 10.736 -66.239 .187 23.761 -16.068
7 -21.114 10.965 -66.48 .234 23.592 -17.233
7 -21.114 11.076 -66.579 .260 23.421 -16.366
7 -21.114 11.249 -46.•72 .327 23.240 -15.466
? -21.114 11.424 -66.926 .374 23.074 -14.531
7 -21.114 11.660 -67.163 .420 22.097 -13.560
7 -21.114 11.776 -67.200 .467 22.720 -12.550
7 -21.114 11.956 -67.459 .514 22.541 -11.500
7 -21.114 12.135 -67.637 .561 22.363 -16.410
7 -21.114 12.313 -67.016 .60? 22.104 -9.276
7 -21.114 12.491 -67.994 .654 22.60f -0.09?
7 -21.114 12.667 -68.170 .701 21.830 -6.072
7 -21.114 12.041 -60.344 .?4? 21.656 -5.599
7 -21.114 13.012 -60.515 .794 21.485 -4.277
7 -21.114 13.179 -66.662 .041 21.310 -2.964
7 -21.114 13.341 -60.644 .06 21.156 -1.479
7 -21.114 13.179 -66.602 .641 21.310 -2.904
7 -21.114 13.195 -6t.690 .044 21.302 -2.764
7 -21.114 13.212 -60.715 .856 21.285 -2.623
7 -21.114 13.220 -66.731 .653 21.269 -2.462
7 -21.114 13.244 -68.747 .660 21.253 -2.346
7 -21.114 13.260 -66.743 .64 21.23? -2.190
7 -21.114 13.277 -60.760 .069 21.220 -2.055
7 -21.114 13.293 -6. 796 .674 21.204 -1.912
? -21.114 13.309 -60.012 .074 21.106 -1.766
7 -21.114 13.325 -68.620 .683 21.172 -1.624
7 -21.114 13.341 -40.844 .800 21.156 -1.479
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TABLE A-III (CONT)

RAY BETA THETA(RRY) NORMAL S ALPHA2 RHO 2

7 -21.114 13.357 -68.860 .892 21.146 -1.333
7 -21.114 13.373 -68.676 .897 21.124 -1.187
7 -21.114 13.38 -68.691 .962 21.1:9 -1.041
7 -21.114 13.4 4 -68.9607 .96 21.693 -. 8947 -21.114 13.426 -60.923 .911 21.677 -. 746

7 -21.114 13.435 -68.930 .916 21.062 -.596
7 -21.114 13:451 -66 954 .926 21.646 -. 449
7 -21.114 13.466 -60.969 .925 21.631 -. 306
7 -21.114 13.462 -66.965 .936 21.015 -. 15:
7 -21.114 13.497 -69.666 .934 21.099 -.006

6 -27.265 8.626 -64.129 a.666 25.671 -27.265
6 -27.265 6.626 -64.323 .:53 25.677 -26.493
8 -27.265 9.021 -64.524 .107 25.476 -25.681
O -27.265 9.229 -64.732 .166 25.268 -24.827
O -27.265 9.444 -64.947 .214 25.053 -23.926
a -27.265 9.665 -65.168 .267 24.832 -22.98
8 -27.265 9.694 -65.397 .329 24.663 -21.981

* -27.265 16.129 -65.632 .374 24.366 -20.926
6 -27.265 10.371 -65.874 .427 24.126 -19.612
a -27.265 16.620 -66.122 .40 23.676 -18.634
8 -27.265 1 .874 -66.377 .534 23.623 -17.387
8 -27.265 11.134 -66637 .567 23.363 -16.067
* -27.265 11.396 -66.961 .641 23.099 -14.669
6 -27.265 11.666 -67.169 .694 22.631 -13.186
6 -27.265 11.936 -67.439 .747 22.561 -11.617
8 -27.265 12.268 -67.711 .661 22.289 -9.951
a -27.265 12.478 -67.961 .654 22.619 -6.184
6 -27.265 12.745 -66.240 .966 21.752 -6.311
6 -27.265 13.606 -66.509 .961 21.491 -4.326
6 -27.265 13.256 -66.761 1.014 21.239 -2.224
6 -27.265 13.006 -66.509 .961 21.491 -4.326
6 -27.265 13.631 -66.534 .966 21.466 -4.121
6 -27.265 13.057 -66.566 .972 21.446 -3.915
6 -27.265 13.082 -66.565 .977 21.415 -3.7
6 -27.265 13.106 -66.611 .962 21.369 -3.566
a -27.265 13.133 -60.636 .968 21.364 .- 3.290

-27.265 13.150 -66.661 .993 21.339 -3.679
* -27.265 13.163 -40.606 .99# 21.314 -2.867
6 -27.265 13.268 -66.711 1.604 21.209 -2.654
6 -27.265 13.233 -66.736 1.669 21.264 -2.440
6 -27.265 13.256 -66.761 1.614 21.239 -2.224
6 -27.265 13.202 -640.75 1.026 21.215 -2.667
6 -27.265 13.307 -.6.810 1.025 21.190 -1.769
6 -27.265 13.331 -. 6834 1.636 21.166 -1.570
6 -27.265 13.355 -44.650 1.636 21.142 -1.349
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TABLE A-III (CONT)

RAY ETA THETA(RAY) NORMAL S ALPHA2 RHO 2

6 -27.265 13.379 -69.682 1.041 21.110 -1.127
a -27.265 13.463 -69.906 1.046 21.694 -.964
a -27.265 13.42? -69.936 1.652 21.070 -.680
a -27.265 13.450 -68.953 1.057 21.047 -.455
a -27.245 13.474 -6.977 1.062 21.023 -.229
a -27.265 13.450 -68.953 1.657 21.647 -.455
6 -27.265 13.453 -60.956 1.656 21.644 -.432
* -27.265 13.455 -68.956 1.058 21.042 -.409
a -27.265 13.457 -68.960 1.659 21.640 -.387
8 -27.265 13.460 -68.963 1.659 21.637 -. 364
8 -27.265 13.462 -68.965 1.660 21.635 -.341
a -27.265 13.464 -68.967 1.06 21.633 -.319
9 -27.265 13.467 -66.979 1.061 21.636 -.296
6 -27.265 13.469 -66.972 1.061 21.026 -.273
6 -27.265 13.471 -68.974 1.062 21.026 -.251
8 -27.265 13.474 -66.977 1.662 21.023 -.226
a -27.265 13.476 -69.979 1.063 21.021 -.265
8 -27.265 13.470 -68.961 1.063 21.919 -. 162
8 -27.265 13.481 -68.964 1.064 21.916 -. 169
6 -27.265 13.483 -68.966 1.065 21.014 -. 137
a -27.265 13.405 -69.96 1.065 21.612 -. 114
6 -27.265 13.460 -66.991 1.066 21.009 -.091
8 -27.265 13.490 -68.993 1.866 21.097 -.969
a -27.265 13.492 -66.995 1.067 21.05 -.846
a -27.265 13.495 -68.996 1.067 21.662 -.623
9 -27.265 13.492 -68.995 1.867 21.065 -.046
8 -27.265 13.493 -64.996 1.67 21.664 -.943
6 -27.265 13.493 -66.996 1.067 21.604 -.641
6 -27.265 13.493 -48.996 1.067 21.604 -.039
* -27.265 13.493 -48.996 1.067 21.604 -.937
6 -27.265 13.494 -64.997 1.067 21.963 -.034
S -27.265 13.494 -64.997 1.067 21.603 -.032
O -27.265 13.494 -.6.997 1.067 21.003 -.030
a -27.265 13.494 -60.997 1.067 21.003 -.627
O -27.265 13.494 -48.997 1.07 21.003 -.925

6 -27.265 13.495 -0.990 1.067 21.662 -.023
8 -27.265 13.495 -40.996 1.067 21.002 -.021
6 -27.265 13.495 -60.990 1.067 21.002 -.610
0 -27.265 13.495 -60.990 1.067 21.002 -.016
* -27.265 13.496 -61.999 1.047 21.001 -.614
0 -27.265 13.496 -6.999 1.0"7 21.001 -.611
6 -27.245 13.496 -0.999 1.604 21.001 -.009
a -27.265 13.496 -60.999 1.06 21.001 -.go7
* -27.265 13.49? -69.000 1.086 21.000 -.905
6 -27.265 13.497 -49.6000 1.00 21.000 -.862
6 -27.245 13.497 -69.60 1.060 21.000 -.045
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RAY BETA THETA(RAY) NORMAL S ALPHA2 RHO 2

O -27.265 13.497 -69.060 1.066 21.009 -. 084
a -27.265 13.497 -69,006 1.668 21.6 -. 04
* -27.265 13.497 -69.660 1.660 21.00 -.904
8 -27.265 13.497 -69.060 1.068 21.000 -.064

6 -27.265 13.497 -69.060 1.e68 21.006 -.003

0 -27.265 13.497 -69.660 1.966 21.666 -.0e3 I
9 -27.265 13.497 -69.66 1.060 21.866 -. 63
a -27.265 13.497 -69.066 1.066 21.066 -. 83
8 -27.265 13.497 -69.6es 1.068 21.666 -.63

-27.265 13.497 -69. e 1.86 21.866 -. 62
6 -27.265 13.497 -69.660 1.6 21.66e -.682
8 -27.265 13.497 -6906e 1.6 21.ee6 -.662
* -27.265 13.497 -69.606 1.68 21.666 -. 02
9 -27.265 13.497 -69 .66 1.O60 21.666 -.01
a -27.265 13.497 -69.0 1.068 21.666 -.861
8 -27.265 13.497 -69.666 1.068 21.060 -.061
9 -27.265 13.497 -69.000 1.668 21.000 -.601
8 -27,265 13.497 -69. " 1.066 21.666 -.666
a -27.265 13.497 -69.60 1.6 21.666 -.1,

9 -34.065 6.562 -62.065 6.600 27.935 -34.865
9 -34.665 6.769 -62.272 .06 27.720 -34.142
9 -34.665 6.969 -62.492 .126 27.566 -33.368
9 -34.865 7.221 -62,724 .166 27.276 -32.539
9 -34.665 7.467 -62.976 .246 27.636 -31.649
9 -34.665 7.729 -63.231 .366 26.769 -36.693
9 -34.065 6.064 -63.56? .360 26.493 -29.661
9 -34.665 8.296 -63.799 .420 26.291 -26.547
9 -34.061 8.666 -64.109 .400 25.691 -27.341
9 -34.865 8.935 -64.437 .541 25.563 -26.632
9 -34.665 9.22 -64. 785 .661 25.215 -24.666
9 -34.86 9.644 -65.151 ..61 24.849 -23.054
9 -34.065 16.634 -65.537 .721 24.463 -21.356
9 -34.865 10.439 -65.942 .781 24.650 -19.495
9 -34.665 14.861 -66.364 .841 23.636 -17.452
9 -34.665 11.296 -66.001 .901 23.199 -15.264
9 -34.63 11.747 -67.250 .961 22.756 -12.727
9 -34.665 12.261 -47.704 1.621 22.296 -9.994
9 -34.86 12.652 -60.155 1.01 21.045 -6.906
9 -34.665 13.669 -4.192 1.141 21.400 -3.656
9 -34.665 12.652 -68. 155 1.661 21.645 -6.96
9 -34.865 12.6 -68.199 1.607 21.601 -6.662
9 -34 .65 12.741 -60.244 1.693 21.756 -6.341
9 -34.665 12.705 -60.200 1.699 21.?12 -6.616
9 -34.06S 12.029 -68.332 1.165 21.660 -5.609
9 -34.665 12.873 -40.376 1.111 21.624 -5.356
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9 -34.665 12.916 -6.419 1.11? 21.561 -5.024
9 -34.665 12.966 -66.443 1.123 21.537 -4.687
9 -34.665 13.603 -66. 566 1.129 21.494 -4.347
9 -34.665 13.646 -60.549 1.135 21.451 -4.603
9 -34.665 13.669 -66.592 1.141 21.466 -3.656
9 -34.665 13.13% -68.634 1.147 21.36: -3.36
9 -34.865 13.173 -66.676 1.153 21.324 -2.952
9 -34.665 13.215 -66.718 1.159 21.262 -2.595
9 -34.065 13.256 -66.759 1.165 21.241 -2.235
9 -34.S65 13.297 -66.890 1.171 21.269 -1.871
9 -34.665 13.339 -66.641 1.177 21.159 -1.504
9 -34.665 13.379 -68.661 1.183 21.119 -1.133
9 -34.6 13.418 -68.921 1.189 21.079 -.759
9 -34.665 13.456 -69.961 1.195 21.639 -. 381
9 -34.665 13.416 -66.921 1.189 21.979 -. 759

9 -34.065 13.422 -60.925 1.190 21.075 -.721
9 -34.665 13.426 -68.929 1.196 21.671 -.684
9 -34.665 13.439 -68.933 1.191 21.067 -.646
9 -34.865 13.434 -66.937 1.192 21.663 -.608
9 -34.665 13.436 -68.941 1.192 21.659 -.570
9 -34.665 13.442 -66.945 1.193 21.655 -.533
9 -34.665 13.446 -66.949 1.193 21.651 -.495
9 -34.665 13.450 -68,953 1.194 21.647 -.457
9 -34.865 13.454 -68.957 1.195 21.043 -.419
9 -34.665 13.456 -68.961 1.195 21.639 -.381
9 -34.865 13.462 -68.965 1.196 21.635 -.343
9 -34.065 13.466 -68.969 1.196 21.631 -.305
9 -34.865 13.470 -66.973 1.197 21.027 -.267
9 -34.865 13.474 -68.977 1.196 21.623 -.229
9 -34.865 13.478 -68.901 1.196 21.619 -. 191
9 -34.865 13.461 -69.964 1.199 21.616 -. 153
9 -34.665 13.405 -68.966 1.199 21.612 -.115
9 -34.065 13.409 -68.992 1.20 21.609 -.077
9 -34.665 13.493 -68.996 1.201 21.664 -.036
9 -34.665 13.409 -68.992 1.266 21.666 -.077
9 -34.665 13.490 -68.993 1.200 21.007 -.073
9 -. 665 13.496 -66.993 1.266 21.667 -.069
9 -34.665 13.490 -66.993 1.266 21.67 -.063"
9 -34.065 13.491 -68.994 1.26 21.006 -.061
9 -34.865 1.491 -68.994 1.2O6 21.66 -.637
9 -34.665 13.492 -66.995 1.206 21.665 -.034
9 -34.665 13.492 -66.995 1.206 21.005 -.650
9 -34.865 13.492 -66.995 1.291 21.065 -.946
9 -34.65 13.493 -66.996 1.261 21.094 -.042
9 -34.665 13.493 -66.996 1.201 21.664 -.636
9 -34.665 13.494 -66.997 1.261 21.663 -.934
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9 -34.865 13.494 -68.997 1.291 21.863 -.831
9 -34.865 13.494 -68.997 1.201 21.883 -.827
9 -34.865 13.495 -68.996 1.281 21.62 -023
9 -34.865 13.495 -68.998 1.291 21.602 -.819
9 -34.865 13.495 -68.998 1.201 21.662 -.815
9 -34.865 13.496 -66.999 1.261 21.861 -.011
9 -34.65 13.496 -68.999 1.261 21.81 -.88
9 -34.865 13.49? -69.0 0 1.261 21.8ee -.864
9 -34.865 13.496 -66.999 1.201 21.801 .008
9 -34.665 13.496 -68.999 1.201 21.801 -. 88
9 -34.665 13.496 -68.999 1.201 21.891 -.88?
9 -34.865 13.496 -66.999 1.261 21.661 -.@:?
9 -34.865 13.496 -66.999 1.261 21.881 -. 66
9 -34.865 13.496 -66.999 1.261 21.881 -. 86
9 -34.665 13.496 -68.999 1.261 21.601 -.85
9 -34.665 13.496 -66.999 1.291 21.861 -.805
9 -34.665 13.497 -69.80 1.261 21.061 -.005
9 -34.865 13.497 -69.808 1.261 21.800 -.84
9 -34.65 13.497 -69.088 1.201 21.606 -.064
9 -34.865 13.497 -69.866 1.201 21.866 -.83
9 -34.845 13.497 -69.00 1.261 21.80 -.083
9 -34.865 13.497 -69.606 1.201 21.066 -.@63
9 -34.865 13.497 -69.66 1.281 21.60 -.882
9 -34.865 13.497 -69.606 1.261 21.600 -. 62
9 -34.865 13,497 -69.666 1.261 21.08 2.82
9 -34.865 13.497 -69.666 1.261 21.800 -.81
9 -34.865 13.497 -69.080 1.201 21.66 -.061

9 -34.865 13.497 -69.060 1.261 21.00 -.060

16 -44.118 3.:4 -5S,243 a. 06 38.757 -44.11
16 -44.116 3.699 -59.402 .67 36.596 -43.626
16 -44.116 4.671 -59.574 .133 30.426 -43.676
16 -44.118 4.259 -59.762 .266 36.236 -42.462
1 -44.118 4.463 -59.966 .26? 30.834 -41.829
1 -44.118 4.686 -60.191 .334 29.639 -41.169
1 -44.110 4.935 -66.430 .406 29.562 -48.316
16 -44.116 5.208 -66.711 .467 29.269 -39.426
16 -44.11 5.511 -61.614 .534 20.986 -36.423
16 -44.11 5.840 -61.351 .601 26.649 -37.298
18 -44 .11 6.226 -61.729 .667 29.271 -36.021

16 -44.116 6.650 -62.153 .734 27.847 -34.559
1 -44.118 7.126 -62.631 .661 27.369 -32.873
18 -44.118 7.669 -63.172 .060 26.828 -36.909
16 -44.11 9.263 -63.786 .934 26.214 -29.600
16 -44.116 6.978 -64.461 1.01 25.519 -25.856
16 -44.110 9.763 -65.266 1.060 24.734 -22.556
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RAY BETA THETA(RAY) NORMAL S ALPHA2 RHO 2

18 -44.118 1.638 -66.141 1.134 23.859 -10.544
18 -44.118 11.590 -67.892 1.281 22.900 -13.618
16 -44.118 12.574 -68.077 1.268 21.923 -7.527
16 -44.118 11.590 -67.092 1.281 22.990 -13.618
1 -44.118 11.688 -67.191 1.200 22.889 -13.066
16 -44.118 11.786 -67.209 1.21! 22.711 -12.501
16 -44.116 11.884 -67.307 1.221 22.613 -11.925
18 -44.116 11.983 -67.406 1.228 22.514 -11.336
18 -44.118 12.02 -67.585 1.235 22.415 -16.735
10 -44.118 12.181 -67.684 1.241 22.316 -18.128
16 -44.118 12.279 -67.782 1.248 22.218 -9.492
10 -44.118 12.378 -67.891 1.255 22.119 -8.851
18 -44.118 12.476 -67.979 1.261 22.021 -8.196
16 -44.118 12.574 -68.677 1.268 21.923 -7.527
16 -44.118 12.671 -68.174 1.273 21.826 -6.843
18 -44.118 12.767 -68.270 1.281 21.736 -6.145
1 -44.118 12.863 -68.366 1.28 21.634 -5.431
16 -44.118 12.956 -68.461 1.295 21.539 -4.783
16 -44.110 13.851 -68.554 1.301 21.446 -3.959
10 -44.118 13.144 -68.647 1.368 21.353 -3.199
18 -44.118 13.235 -68.738 1.315 21.262 -2.424
18 -44.118 13.324 -68.a27 1.321 21.173 -1.632
1 -44.118 13.411 -68.914 1.328 21.666 -.824
16 -44.118 13.324 -60.827 1.321 21..73 -1.632
18 -44.118 13.333 -68.836 1.322 21.164 -1.552
18 -44.118 13.342 -68.845 1.323 21.155 -1.472
1 -44.116 13.356 -68.853 1.323 21.147 -1.392
16 -44.118 13.359 -68.862 1.324 21.130 -1.311
18 -44.118 13.368 -68.071 1.325 21.129 -1.236
16 -44.116 13.377 -68.886 1.325 21.120 -1.149
16 -44.116 13.365 -68.666 1.326 21.112 -1.668
16 -44.118 13.394 -68.897 1.327 21.163 -.907
1 -44.118 13.403 -68.966 1.327 21.094 -.906
i6 -44.118 13.411 -60.914 1.328 21.006 -.824
16 -44.116 13.426 -68.923 1.329 21.077 -.743
16 -44.110 13.429 -66.932 1.329 21.96 -.661
16 -44.11S 13.437 -48.940 1.330 21.066 -.579
16 -44.118 13.446 -60.949 1.331 21.651 -. 497
16 -44.116 13.455 -68.957 1.331 21.043 -.414
16 -44.118 13.463 -66.966 1.332 21.034 -.332 I
16 -44.116 13.472 -66.975 1.333 21.625 -.249

Is -44.110 13.406 -69.9S3 1.333 21.017 -. 166
16 -44.116 13.469 -66.992 1.334 21.06 -.663
16 -44.116 13.466 -66.963 1.333 21.617 -. 166
16 -44.116 13.401 -6S.964 1.333 21.016 -.156
1o -44.116 13.402 -68.905 1.333 21.015 -.150

C,
81

r--t



U

TABLE A-III (CONT)

RAY BETA THETR(RAY) NOR"AL S ALPHA2 RHO 2

1o -44.118 13.463 -68.986 1.334 21.014 -.141
16 -44.118 13.483 -60.906 1.334 21.014 -. 133
1 -44.118 13.484 -68.997 1.334 21.813 -. 125
18 -44.118 13.485 -68.980 1.334 21.812 -. 116
1: -44.118 13.486 -68.909 1.334 21.011 -. 100
10 -44.118 13.407 -66.996 1.334 21.010 -.106
1: -44.118 13.488 -68.991 1.334 21.009 -.69t
1 -44. 118 13.489 -68.992 1.334 21.009 -.083 I
10 -44.118 13.489 -68.992 1.334 21.010 -.975
to -44 .119 13.490 -68.993 1.334 21.807 -.06?
1 -44.118 13.491 -68.994 1.334 21.806 -.0958
10 -44.118 13.492 -68.995 1.334 21.005 -.850
1: -44.118 13.493 -68.996 1.334 21.694 -.642
1 -44.118 13.494 -68.997 1.334 21.003 -.633
16 -44.110 13.495 -68.99? 1.334 21.003 -.023
10 -44.118 13.495 -68.990 1.335 21.002 -.01?
1: -44.118 13.496 -68.999 1.335 21.861 -.60
18 -44.118. 13.496 -68.999 1.335 21.001 -. 08
10 -44.118 13.496 -68.999 1.335 21.61 -. 0?
16 -44.118 13.496 -60.999 1.335 21.001 -.90?
18 -44.116 13.496 -68.999 1.335 21.001 -. 06
16 -44.118 13.497 -60.999 1.335 21.001 -. 05
16 -44.118 13.497 -69.600 1.335 21.000 -.004
10 -44.118 13.497 -69.00 1.335 21.866 -.003
t6 -44.110 13.497 -69.00 1.335 21.008 -. 62
10 -44.118 13.497 -69.80 1.335 21.069 -. 02
10 -44.118 13.497 -69.00 1.335 21.606 -.601
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TABLE A-IV

SECOND SURFACE COORDINATE (X,Y) VALUES, S, ALPHA2 AND
RH02 FOR THE FAMILY OF SURFACES IN FIGURES 17 AND 18.
THE COLUMN LABELED BEGIN RAY CORRESPONDS TO THE FAMILY
MEMBER.

n Next Xsurf Ysurf S Rlpha&2 RHO 2
AN RAY (next) (next) (next) (next) (next)

1 1 .362 .60 .133 21.000 -.00
1 2 .649 .11 .133 21.201 -1.606
1 3 .935 .221 .132 21.466 -4.122
1 4 1.226 .333 .136 21.24 -6.831
1 5 1.504 .447 .125 22.321 -10.147

6 1.796 .563 .118 23.024 -14.262
1 7 2.667 .662 .167 24.643 -19.425
1 0 2.344 .605 .096 25.538 -25.934
1 9 2.616 .936 .066 27.707 -34.00
1 1 2.982 1.076 .630 30.686 -43.901

2 2 .724 .090 .267 21.201 -.900

2 3 1.@1@ .111 .266 21.220 -2.125
2 4 1.296 .222 .265 21.536 -4.693
2 5 1.501 .334 .262 21.973 -?.870

2 6 1.865 .449 .256 22.603 -11.668
2 7 2.146 .566 .248 23.542 -16.978

2 6 2.425 .68? ,234 24.971 -23.577
2 9 2.699 .615 .212 27.147 -32.074
2 16 2.967 .953 .179 36.300 -42.677

3 3 1.066 .000 .460 21.220 -.066
3 4 1.372 .111 .399 21.262 -2.420
3 5 1.658 .222 .396 21.633 -5.420
3 6 1.943 .335 .394 22.16 -9.251

3 ? 2.226 .456 .38 23.021 -14.243
3 6 2.586 .570 .377 24.354 -20.665
3 9 2.762 .695 .350 26.3502 -29.695
3 10 3.652 .929 .329 29.626 -41.164

4 4 1.449 .006 ,534 21.242 -. 00
4 5 1.734 .111 .532 21.307 -2.910
4 6 2.020 .223 .531 21.766 -6.414
4 7 2.304 .336 .527 22.493 -11.266
4 6 2.546 .453 ,518 23.698 -17.757
4 9 2.864 .575 504 25.746 -26.649
4 1 3.136 .766 .476 29.242 -39.266

5 5 1.811 .00 .667 21.307 -. 040
5 6 2.096 .111 .666 21.371 -3.349

5 7 2.302 .223 .664 21.976 -7.049
5 0 2.465 .337 .656 23.011 -14.189
5 9 2.94: .45? .647 24.932 -23.412
5 1 3.226 .504 .626 20.516 -36.832

a 6 2.173 .000 .01 21.371 -.00

8
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TABLE A-IV (CONT)

begin Next Xsurf Ysurf $ Alpha2 RHO 2
Surf Surf (next) (next) (next) (next) (next)

6 ? 2.456 .112 .799 21.469 -4.143

6 6 2.743 .224 .796 22.313 -16.099

6 9 3.626 .340 .769 24.662 -19.227
6 is 3.303 .463 .773 27.576 -33.615

S2.535 .o .934 21.469 -. 00
7 a 2.626 .112 .932 21.634 -5.429
7 9 3.165 .225 .928 22.996 -14.167

7 tS 3.365 .344 .917 26.378 -29.225

6 a 2.897 .666 1.666 21.634 -.066

6 9 3.162 .113 1.664 21.971 -7.855
6 16 3.465 .227 1.:59 24.643 -23.029

9 3.259 .66 1,261 21.971 -. o
9 1 3.543 .114 1.196 22.966 -14.651

is i6 3.622 .666 1.335 22.96 -.81

I
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TABLE A-V

COMPARISON OF THE MAXIMUM ALLOWED' LENGTH OF THE RAY IN
THE LENS QA AND THE ACTUAL VALUE USED SMAX , FOR EACH

SURFACE IN FIGURES 17 AND 18. ALPHA2 AND RHO2 ARE THE
VALUES AT SN .

RAY Qa Smac A I ph&2 *NO 2

1 .133 .133 21.666 -. 06

2 .267 .267 21.261 -.649

3 .406 .406 21.226 -.666

4 .534 .534 21.262 -.660

5 .667 .667 21.30? -.60
6 .661 .01 21.371 -.000

7 .934 .934 21.469 -.060

6 1.0686 1:.6 21.634 -.966

1.201 1.261 21.971 -.6669
is 1.335 1.335 22.906 -.661

o

(A

0
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TABLE A-VI

CALCULATED VALUES OF S AND ALPHA2 USED TO CONSTRUCT
THE DESIGN CHART IN FIGURE 19 FOR THE FINAL DESIGN
OF SURFACE NUMBER 1 in FIGURE 20.

RAY BITA THETACRAY) NORMAL S ALPHA2 RHO 2

1 -1.697 13.317 -6.826 9.166 21.16 -1.697
S -1.697 13.326 -66.929 .6? 21.171 -1.614
1 -1.697 13.335 -66.836 .613 21.162 -1.530

1 -1.697 13.344 -69.64? .626 21.153 -1.447
-1.697 13.354 -66.656 .627 21.t44 -1.363

1 -1.697 13.363 -66.166 .633 21.134 -1.279
-1.697 13.372 -60.675 .640 21.125 -1.195

1 -1.697 13.361 -68.664 .647 21.116 -1.111

1 -1.697 13.390 -68.893 .853 21.167 -1.027
1 -1.697 13.399 -6.962 .6e 21. 98 -.942
1 -1.697 13.466 -66.911 .6 21.669 -.857
1 -1.697 13.417 -68.920 .673 21.000 -.772
1 -1.697 13.426 -66.929 .666 21.071 -.687
1 -1.697 13.435 -68.936 .867 21.S62 -.602
1 -1.697 13.444 -68.947 .893 21.653 -.517
1 -1.697 13.453 -60.956 .196 21.044 -.431 t

1 -1.697 13.462 -66.965 .187 21.635 -.345
1 -1.697 13.473 -6. 974 .113 21.626 -.259
1 -1.697 13,479 -66.902 .126 21.016 -. 173
1 -1.497 13.488 -68.991 .127 21.069 -.087

1 -1.697 13.479 -66.962 .126 21.618 -. 173
1 -1.697 13.490 -66.963 .121 21.617 -.164
1 -1.697 13.461 -68.984 .121 21.916 -.156
1 -1.697 13.462 -68.995 .122 21.615 -. 147
1 -1.697 13.463 -68.966 .123 21.614 -. 136
1 -1.697 13.464 -68.967 .123 21.613 -. 139
1 -1.697 13.485 -66.966 .124 21.012 -.121
1 -1.697 13.486 -68.969 .125 21.611 -.112
1 -1.697 13.466 -68.969 .125 21.611 -. 104
1 -1.697 13.467 -66.996 .126 21.61, -.095
1 -1.697 13.466 -68.991 .127 21.009 -.607
1 -1.697 13.469 -66.992 .127 21.0 -.979
1 -1.697 13.490 -60.993 .126 21.067 -.069
1 -1.697 13.491 -66.994 .129 21.86 -.661
1 -1.697 13.492 -66.995 .129 21.605 -.052
1 -1.697 13.493 -68.996 .136 21.664 -.043
1 -1.697 13.494 -6s.996 .131 21."04 -.635
1 -1.497 13.494 -66.997 .131 21.603 -. 926
1 -1.697 13.495 -68.996 .132 21.02 -.017
1 -1.697 13.496 -60.999 .133 21.061 -.089
1 -1.697 13.495 -68.996 .132 21.062 -.017
1 -1.697 13.495 -68.996 .132 21.062 -.014

'.697 13.495 -68. 990 .132 21.02 -.016

1 -1.697 13.494 -68.999 .132 21.861 -.015
-1.697 13.496 -66.999 .132 21.061 -.614
-1.497 13.496 -69.999 .132 21.061 -.013

86



TABLE A-VI (CONT)

RAY 2ETA THETA(RAY) HORMAL S RLPHR2 RHO 2

-1.697 13.496 -66.999 .133 21.061 -.012
1 -1.697 13.496 -68.999 .133 21.01 -.011
1 -1.697 13.496 -66.999 .133 21.61 -.610
1 -1.697 13.496 -66.999 .133 21.661 -.010
1 -1.697 13.496 -68.999 .133 21.061 -.669
1 -1.697 13.496 -68.999 .133 21.661 -.09
1 -1.697 13.496 -66.999 .133 21.061 -.067

1 -1.697 13.496 -66.999 .133 21.661 -. 6
1 -1.697 13.497 -66.999 .133 21.601 -.065
1 -1.697 13.497 -69.666 .133 21.666 -. 64
1 -1.697 13.497 -69.066 .133 21.666 -.663
1 -1.697 13.497 -69.00 .133 21.06 -.993
1 -1.697 13.497 -69.66 .133 21.66 -.802
1 -1.697 13.497 -69.666 .133 21.66 -. 01

1 -1.697 13.497 -69.666 .133 21.666 -.662
1 -1.697 13.497 -69.000 .133 21.099 -. 002

1 -1.697 13.497 -69.666 .133 21.00 -.662
1 -1.697 13.497 -69.666 .133 21.06 -.061
1 -1.697 13.497 -69.666 .133 21.666 -. 61
1 -1.69? 13.497 -69.000 .133 21.00 -.601
1 -1.697 13.497 -69.006 .133 21.06 -.001
1 -1.697 13.497 -69.6 .133 21.06 -.601
1 -1.697 13.497 -69.666 .133 21.666 -.061
1 -1.697 13.497 -69.060 .133 21.00 -.661
1 -1.697 13.497 -69.66e .133 21.666 -.961
1 -1.697 13.497 -69.000 .133 21.00 -.901
1 -1.697 13.497 -69.000 .133 21.00 -.001
1 -1.69? 13.497 -69.000 .133 21.00 -.001
1 -1.697 13.497 -69.666 .133 21.06 -.661
1 -1.697 13.497 -69.666 .133 21.666 -.666
1 -1.697 13.497 -69.666 .133 21.666 -.466
1 -1.69? 13.497 -69.000 .133 21.000 -.060
1 -1.697 13.497 -69.6oo .133 21.66o -.06o
1 -1.697 13.497 -69.606 .133 21.666 -.060

2 -2.373 13.241 -66.743 6.600 21.257 -2.373
2 -2.373 13.254 -66.757 .69 21.243 -2.256
2 -2.373 13.267 -66.776 .616 21.230 -2.142
2 -2.373 13.26 -66.703 .627 21.217 -2.626
2 -2.373 13.293 -68.796 .636 21.204 -1.910
2 -2.373 13.306 -.69.69 .645 21.191 -1.793
2 -2.373 13.319 -.68.22 .054 21.176 -1.676
2 -2.373 13.332 -60.035 .664 21.165 -1.558
2 -2.373 13.345 -68.048 .673 21.152 -1.441
2 -2.373 13.356 -66.661 .602 21.139 -1.323
2 -2.373 13.371 -66.674 .691 21.126 -1.264

0
87

-U ,



'7'
_ 1!

TABLE A-VI (CONT)

-t

RAY IITR THETACRAY) NORMAL S RLPA2 RHO 2

2 -2.373 13.304 -60.87 .169 21.113 -1.095

2 -2.373 13.394 -68.99 .1.9 21.191 -. 66
2 -2.373 13.499 -68.912 .118 21.066 -.947
2 -2.373 13.422 -68.925 .127 21.875 -.727
2 -2.373 13.434 -48.937 .136 21.963 -.606
2 -2.373 13.447 -60.950 .145 21.059 -.46
2 -2.373 13.4 6 -6.943 .154 21.037 -.365
2 -2.373 13.472 -6.975 .163 21.625 -.244
2 -2.373 13.495 -66.966 .172 21.012 -.122
2 -2.373 13.497 -69.600 .182 21.600 -.090
2 -2.373 13.465 -68.98 .172 21.612 -. 122
2 -2.373 13.496 -66.969 .173 21.611 -. 110
2 -2.373 13.467 -66.996 .174 21.010 -.699
2 -2.373 13.486 -60.991 .175 21.009 -. 805
2 -2.373 13.490 -68.993 .176 21.007 -.073
2 -2.373 13.491 -66.994 .177 21.806 -.961
2 -2.373 13.492 -68.995 .176 21.65 -.649
2 -2.373 13.493 -60.996 .179 21.664 -.037
2 -2.373 3.495 -68.998 .196 21.862 -.924
2 -2.373 13.496 -68.999 161 21.661 -.612
2 -2.373 13.497 -69.666 .182 21.00 -.80
2 -2.373 13.496 -46.999 .181 21.001 -. 812
2 -2.373 13.496 -68.999 1e1 21.661 -.611
2 -2.373 13.496 -60.999 .101 21.601 -.018
2 -2.373 13.499 -66.999 .161 21.001 -.009
2 -2.373 13.496 -66.999 lt 21.601 -.00?
2 -2.373 13.496 -68.999 .161 21.601 -.006
2 -2.373 13.497 -69.66 .161 21.060 -.001
2 -2.373 13.497 -69.000 .181 21.660 -.004
2 -2.373 13.497 -69.66O .161 21.006 -.062
2 -2.373 13.497 -69.866 .101 21.60 -. 01
2 -2.373 13.497 -69.06 .182 21.666 -. 0
2 -2.373 13.497 -69.866 .101 21.000 -.001
2 -2.373 13.497 -9.600 .181 21.066 -.061
2 -2.373 t3.497 -49.600 .101 21.66O -.901
2 -2.373 13.497 -69.666 .101 21.006 -.091
2 -2.373 13.497 -69.666 .161 21.966 -.001
2 -2.373 13.497 -69.69e .161 21.0 -.601
2 -2.373 13.497 -69.066 1ot 21.000 -.009
2 -2.373 13.497 -49.000 S1 21.606 -. 6
2 -2.373 t3.497 -9.006 .102 21.600 -.906
2 -2.373 13.497 -69.06 .182 21.000 -. 06

3 -3.6 13.157 -68.64 .06 21.340 -3.080
3 -3.900 13.175 -6.676 .611 21.322 -2.939
3 -3.600 13.192 -69.695 .023 21.365 -2.796
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TABLE A-VI (CONT)

RAY BETA THETA(RAY) NORMAL S ALPHA2 RHO 2

3 -3.68 13.210 -6.713 .634 21.267 -2.640
3 -3.000 13.227 -6.730 .046 21.270 -2.490
3 -3.860 13.244 -68.747 .057 21.253 -2.339
3 -3.600 13.262 -66.765 .669 21.235 -2.107
3 -3.0as 13.279 -60.782 .060 21.218 -2.035
3 -3.060 13.296 -66.799 .092 21.201 -1.662
3 -3.666 13.313 -66.816 .103 21.164 -1.728
3 -3.006 13.330 -68.833 .115 21.167 -1.574
3 -3.666 13.347 -6.850 .126 21.150 -1.42I
3 -3.8 13.364 -66.867 .136 21.133 -1.264
3 -3.068 13.361 -66.804 .149 21.116 -1.198
3 -3.888 13,390 -68.901 .161 21,899 -. 952
3 -3.608 13.415 -66.916 .172 21.662 -.795
3 -3.06e 13.431 -68.934 .104 21.666 -.637
3 -3.6s6 13.448 -60.951 .195 21.649 -,479

3 -3.666 13.464 -68.967 .267 21.633 -.329
3 -3.666 13.481 -68.964 .218 21.016 -. 160
3 -3.666 13.497 -69.66 .230 21,666 -.66
3 -3,008 13.4 1 -66.964 .216 21,16 -.140
3 -3.see 13.462 -68.96a .219 21,615 -.144
3 -3.666 13.464 -68967 .220 21,613 -. 128
3 -3,666 13.466 -68,909 .222 21.611 -. 112
3 -3.000 13.467 -68.990 .223 21.616 -. 96
3 -3 .666 13.409 -6.992 .224 21,000 -.686
3 -3.666 13.491 -66.993 .225 21.667 -.064
3 -3.00e 13.492 -68.995 .226 21.065 -.040
3 -3 3.s 13.494 -60.997 .227 21::63 -.632
3 -3.6s0 13.495 -68.996 .226 21.062 -,616
3 -3. 666 13.495 -68.996 .220 21002 -.016
3 -3.6 as 13.496 -68.999 .229 21.001 -.614
3 -3.6s6 13.496 -6.999 .229 21.601 -.613
3 -3.080 13.496 -60.999 .229 21.001 -.011
3 -3.0 13,496 -48 999 .229 21."1 -.010
3 -3,660 13,496 -66.999 .229 21.001 -.060
3 -3.00 13.496 -60.999 .229 21.001 -.006
3 -3.666 13,497 -49.000 .229 21.090 -.005
3 -3.666 13,497 -09.000 .229 21.06 -.003

3 -3.666 13.497 -69.060 .229 21.000 -.002
3 -3.006 13.497 -69.008 .230 21.000 -.000
3 -3.606 13.497 -9.00 .229 21.*00 -.002
3 -3.666 13.497 -. 666 .229 21.00 -.001
3 -3 .6 6 0 1 3 : 4 9 7- 69 0 6 6 2 2 9 2 1 .•9 .

- ,0 1
3 -3.600 13,497 -,69.000 .229 21.006 -.661
3 -3.000 13.497 -69 066 ,229 21.000 -,001

3 -3.0 13,497 -L9366 .230 21.000 -.061
3 -3.000 13.497 -69.00 .230 21.000 -.001

0
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TABLE A-VI (CONT)

RAY BETA THETA(RAY) NORMAL s ALPHA2 RHO 2

3 -3.060 13.497 -69.000 .230 21.08 -.eoe
3 -3.o08 13.497 -69.000 .230 21.000 -. 600
3 -3.000 13.497 -69.000 .230 21.800 -. ee
3 -3.080 13.497 -69.000 .238 21.008 -. 000
3 -3.0 13.497 -69.000 .230 21.80 -. 00
3 -3.00 13.497 -69.090 .230 21.000 -. 080
3 -3.000 13.497 -69.000 .236 21.00 -. 090
3 -3.000 13,497 -69.000 .230 21.00 -. 008
3 -3.000 13.497 -69.088 .230 21.900 -. 00
3 -3.090 13.497 -69.840 .239 21.80 -. 008
3 -3.900 13.497 -69.000 .239 21.800 -. 000
3 -3.000 13.497 -69.000 .230 21.000 -. 800
3 -3.000 13.497 -69.800 .230 21.000 -. 0,
3 -3.00 13.497 -69 .ee .230 21.000 -.000

4 -3.845 13.065 -68.368 0.800 21.432 -3.845
4 -3.045 13.88 -60.691 .014 21.409 -3.662
4 -3.845 13.110 -68.613 .828 21.387 -3.47
4 -3.045 13.133 -68.636 .842 21.364 -3.293
4 -3.045 13.155 -60.660 .056 21.342 -3.107
4 -3.045 13. 177 -60.680 .069 21.329 -2.920
4 -3.846 13.199 -60.02 .803 21.298 2.732
4 -3.645 13.221 060.724 .897 21.276 -2.543
4 -3.846 13.243 -68.746 .111 21.234 -2.353
4 -3.845 13.265 -68.760 .125 21.232 -2.162
4 -3.845 13.286 -68,789 .139 21.211 -1.97:
4 -3.04; 13.300 -68.811 .153 21.189 -1.778
4 -3.84 13.329 -68.832 .167 21.16: 51.684
4 -3.045 13.351 -66.854 .180 21.146 -1.389
4 -3.845 13.372 -60.876 .194 21.123 -1.194
4 -3.45 13.393 -60.896 .200 21.194 -. 997
4 -3.045 13.414 -68.917 .222 21.003 -.80
4 -3.045 13.435 -68.939 .236 21.062 -. 601
4 :3.4. 13.466 -68.959 .250 21.841 -. 482
4 -3.046 13.476 -60.979 .264 21.021 -.2914 -3.045 13.476 -60.979 .264 21.021 - 201

4 -3.046 13.479 -68.902 .265 21.010 -. 181
4 -3.045 13.401 -60.904 .267 21.016 -. 161
4 -3.943 13.403 -68.906 .26S 21.014 -. 141
4 -3.045 13.495 -60.900 .269 21.012 -. 121
4 -3.046 13.467 -69.990 .271 21.010 -. 101
4 -3.046 13.49 -60.992 .272 21.006 -.001

4 -3.046 13.491 -60.994 .273 21.006 -. 061
4 -3.14 13.493 -60.996 .2?5 21.004 -.040
4 -3.045 13.495 -68.990 .276 21.002 -. 020
4 -3.045 13.493 -60.998 .276 21.002 -.020
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TABLE A-VI (CONT)

RRlY DETA THETA(RRY) NORRAL S ALPMAl2 RHO 2

4 -3,045 13.495 -68.999 .276 21.062 -.018
4 -3.045 13.495 -68.999 .277 21.002 -.016
4 -3645 13,496 -60,999 T7 21.001 -.014

4 -3.345 13,496 -68,999 .a?? 21,001 -. 012

4 -3,.45 13.496 -68.999 .277 21.001 -.010
4 -3.045 13.496 -68.999 .277 21.001 -. 08
4 -3.045 13.496 -6s.999 .277 21.001 -.so:
4 -3.045 13.497 -69.000 .277 21.00 -.064
4 -3::45 13.497 -69.000 .277 21.06 -.002
4 -3.045 13.497 -69.000 .2?7 21.000 -.002
4 -3.045 13.497 -69.00 .277 21.00 -.002
4 -3.045 13.497 -69.009 .278 21.000 -.002
4 -3.045 13.497 -69.000 .279 21.00 -. 601
4 -3.045 13.497 -69.090 .279 21.000 -.001
4 -3.045 13.497 -69.000 .278 21.006 -. 01
4 -3.45 13.497 -69.000 .279 21.000 -.801
4 -3.045 13.497 -69.00 .278 21.000 -.601
4 -3.045 13.497 -69.00 .278 21.000 -. 000
4 -3.045 13.497 -69.000 .278 21.006 -. 00
4 -3.045 13.497 -69.600 .279 21.006 -.000
4 -3.845 13.497 -69.000 .279 21.060 -.600
4 -3.045 13.497 -69.800 .278 21.000 -.000
4 -3.045 13.497 -69.600 .278 21.90 -. 00
4 -3.045 13.497 -69.000 .278 21.000 -.e00
4 -3.845 13.497 -69.000 .270 21.00 -.00
4 -3.845 13.497 -69.000 .270 21.006 -. 00
4 -3.45 13.497 -69.096 .270 21.000 -.000
4 -3.845 13.497 -69.00 .278 21.00 -.00
4 -3.045 13.497 -69.60 .270 21.000 -. 00

5 -4.649 12.965 -68.468 0.00e 21.532 -4.649
5 -4.649 12.993 -60.496 .016 21.504 -4.430
5 -4.649 13.020 -60.523 .033 21.477 -4.209
5 -4.649 13.048 -68.551 .049 21.449 -3.987
5 -4.649 13.0?5 -f0.578 .065 21.422 -3.764
5 -4.649 13.103 -68.606 .061 21.394 -3.539
5 -4.649 13.130 -64.633 .096 21.367 --3.313
5 -4.6 4 9 13.157 -6.660 .114 21.340 -3.006
5 -4.649 13.104 -60.667 .136 21.313 -2.57
5 -4.649 13.211 -60.714 .147 21.26 -2.627
5 -4.649 13.230 -68.741 .163 21.259 -2.395
5 -4.649 13.265 -. ?68 .179 21.232 -2.162
5 -4.649 13.291 -68.794 .195 21.206 -1.927
5 -4.649 13.317 -60.026 .212 21.106 -1.692
5 -4.649 13.344 -60.047 .228 21.153 -1.454
5 -4.649 13.370 -6.0873 .244 21.12? -1.216

0
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TABLE A-VI (CONT)

RAY BETA THITR(RAY) HORMAL 8 RLPHA2 RHO 2

5 -4.649 13.395 -60.98 .261 21.162 -.975
5 -4.649 13.421 -68.924 .277 21.876 -. 734
S -4.649 13.447 -69.350 .293 21.056 -.491
5 -4.649 13.472 -60.975 .39 21.25 -.246
5 -4.649 13.472 - s697! .309 21.825 -.246
5 -4.649 13.474 -6.977 .311 21.23 -.221
5 -4.649 13.472 -66.9?6 .313 21.625 -. 197
5 -4.649 13.479 -68.902 .314 21.01 -. 172

5 -4.649 13.482 -66.96! .316 21.01 -.14
5 -4.649 13.404 -6S.942 .318 21.613 -. 123

5 -4.649 13.487 -68.996 .319 21.68 -. 1993 -4.649 13.49 -66.992 .321 21.613 -. 124

a -4.649 13.492 -68.995 .322 21.810 -.649
3 -4.649 13.499 -69.992 .324 21.663 -.625
5 -4,649 13.492 -68.95 .322 21.605 -.049
5 -4.649 13.492 -68.9$9 .323 21.60! -.04
5 -4.649 13.493 -68.99s .323 21.605 -.844
5 -4.649 13.493 -66.996 .323 21.864 -.842
5 -4.649 13.493 -69.96 .323 21.64 -.839
5 -4.649 13.493 -68.996 .323 21.604 -. 37
5 -4.649 13.494 -68.996 .323 21.064 -. 035
3 -4.649 13.494 -68.997 .324 21.663 -.032
5 -4.649 13.494 -68.997 .324 21.63 -.93S
S -4.649 13.494 -68.997 .324 21.963 -.627

5 -4.649 13.49! -68,997 .324 21.063 -.625
5 -4.649 13.494 -68.990 .324 262 -.622
5 -4.649 13.49! -68.990 .324 21.062 -. 027
3 -4.649 13.495 -68.998 .325 21.062 -.01
5 -4.649 13.496 -68.990 .324 21.02 -.612
5 -4.649 13.496 -66.999 .325 21.6,2 -.812
5 -4.649 13.496 -69.999 .32Z 21.062 -. 017
5 -4.649 13.496 -60.999 .325 21.601 -. 463
5 -4.649 13.497 -68.999 .325 21.61 -. 0!2
5 -4.649 13.497 -69.990 .326 21.001 -. Ol2
3 -4.649 13.49? -69.80 .325 21.00 -. 62
3 -4.649 13.497 -699960 .323 21.901 -.092
5 -4.649 13.497 -69.400 .326 21.00 -. 062
5 -4.649 13.497 -69.900 .326 21.00 -. 002
5 -4.649 13.497 -69.06 .326 21.66 -. 92
5 -4.649 13.497 -69.00 .326 21.00 -. 0
5 -4.649 13.497 -69.000 .326 21.066 -.002
3 -4.649 13.497 -69.060 .326 21.066 -. 01
5 -4.64S 13.497 -69.400 .326 21.066 -. 00
5 -4.649 13.497 -69.600 .326 21.606 -.96o
5 -4.649 13.497 -69.400 .326 2t.00 -.0013 -4.649 13.49? -69.066 .326 21.666 -.6005 -4.649 13.497 -69. "1 .326 21.009 -. oee

01*
92

-.

5 449 1.9 d.0 36 2.0 .0



V--

TABLE A-VI (.CONT)

RAY BETR THETA(RAY) NORMAL S RLPHA2 RHO 2

S -4.649 13.497 -69.00 .326 21.009 -.000
-4,649 13.497 -69.800 .326 21.0 -.000

:,5 -4.649 13.49? -59,006 .326 21,800 -. eee
5 -4.649 13.497 -69.000 .326 21.00 -.eee
5 -4,649 13.497 -69.60 .326 21.0 -. 000
5 -4,649 13.497 -69.606 .326 21.806 -. 86
5 -4.649 13.49? -69.e6 .326 21.860 -. 00
5 -4.649 13.497 -69.00 .326 21.609 -.000

5 -4.649 13.497 -6..86o ,326 21.00 -.888
5 -4.649 13.497 -69.806 .326 21.0 -.009
5 -4.649 13.497 -69.060 .326 21.000 -.000
5 -4.649 13.497 -69.006 .326 21.000 -. 0
5 -4.649 13.497 -69.00 .326 21.060 -.000
5 -4.649 13.497 -69.800 .326 21.660 -. 000
5 -4.649 13.497 -69.000 .326 21,000 -. 0e
5 -4.649 13.497 -69.00 .326 21.00 -. 08
5 -4.649 13.497 -69.00 .326 21.000 -. 800

5 -4.649 13.49? -69.00 .326 21.866 -.805 -4.649 13.497 -69,.00 .326 21.009 -.000

6 -5.562 12.854 -68.357 0.86 21.643 -5.502
6 -5.502 12.00 -68.390 .019 21.610 -5.246
6 -5.502 12.921 -68.424 .837 21.576 -4.987
6 -5.02 12.95 -68.459 .056 21.542 -4.727
6 -5.562 12.900 -60.491 .075 21.509 -4.465
6 -5.502 13.21 -68.524 .93 21.476 -4.281
6 -5.502 13.054 -68.557 .112 21.443 -3.935
6 -5.502 13.067 -68.590 .131 21.416 -3.667
6 -5.502 13.12e -68.623 .149 21.377 -3.397
6 -5.502 13.153 -68.656 .168 21.344 -3.125
6 -5.562 13.185 -68.600 .187 21.312 -2.851
6 -5.502 13.217 -60.720 .206 21.290 -2.576
6 -5.502 13.249 -68.752 .224 21.246 -2.296
6 -5.502 13.261 -68.704 .243 21.216 -2.018
6 -5.502 13.313 -68.015 .262 21.105 -1.736
6 -5.562 13.344 -60.847 .260 21.153 -1.451
6 -5.562 0.375 -66.878 .299 21.122 -1.165
6 -5.502 13.406 -68.909 .310 21,91 -.877
1 -5.502 13.437 -68.939 .336 21.661 -. 507
6 -5.502 13.467 -66.970 .355 21.636 -. 294
6 -5.502 13.437 -68.939 .336 21.061 -.507
6 -5.562 13.440 -68.943 .330 21.057 -.558
6 -5.502 13.443 -68.946 .346 21.054 -.529
6 -5.502 13.446 -68.949 .342 21.051 -. 499
6 -5.562 t3.449 -i6.952 .344 21.648 -.470
6 -5 562 13.452 -68.955 .346 21.45 -. 441
6 "5.502 13.455 -66.958 .348 21.042 -.412
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TABLE A-VI (CONT)

ia

RAY BETA THETA(RRY) NORMAL S ALPHA2 RHO 2

6 -5.562 13.459 -68.961 .349 21.039 -. 362
6 -5.502 13.461 -60.964 .351 21.836 -.353
6 -5.562 13.464 -68.967 .353 21.033 -. 324
6 -. 562 13.467 -69.976 .355 21.636 -. 294
6 -5.562 13.476 -68.973 .357 21.027 -.265
6 -5.562 13.473 -66.976 .359 21.824 -. 236
6 -. 562 13.476 -66.9?9 .361 21.621 -. 264
6 -5.562 13.479 -6.962 .363 21.61@ -. 177
6 -5.562 13.462 -68.965 .364 21.015 -. 147
6 -5.502 13.46a -66.966 .366 21.012 -. 119
6 -5.502 13.4:6 -68.991 .368 21.009 -.609
6 -5.502 13.491 -66.994 .370 21.6 -. 059
6 -5.502 13.494 -66.997 .372 21.663 -. 36
6 -5.562 13.491 -68.994 .376 21.666 -.859

6 -5.562 13.491 -66.994 .376 21.066 -. 056
a -5.562 13.492 -68.995 .370 21.665 -.653
6 -5.562 13.492 -66.995 .371 21.:5 -. 56
6 -5.562 13.492 -68.995 .371 21.665 -.047
6 -5.502 13.493 -68.995 .371 21.005 -.044
6 -5.502 13.493 -68.996 .371 21.064 -.041
6 -5.562 13.493 -68.996 .371 21.664 -.030
6 -5.502 13.493 -68.996 .371 21.604 -.035
6 -5.562 13.494 -66.997 .372 21.663 -.032
6 -5.582 13.494 -66.997 .372 21.663 -.936
6 -5.502 13.494 -6. 997 .372 21.03 -.027
6 -5.562 13.495 -6.998 .372 21.002 -.624
6 -5.562 13.495 -68.996 .372 21.662 -.021
6 -5.562 13.495 -68.996 .373 21.002 -. M18
6 -5.562 13.496 -66.999 .373 21.001 -.015
6 -5.502 13.496 -68.999 .373 21.601 -.012
6 -9.562 13.496 -68.999 .373 21.01 -. 09
6 -5.502 13.496 -68.999 .373 21.001 -. 066
6 -3.502 13.497 -69.066 .374 21.00 -.063
6 -5.502 13.496 -68.999 .373 21.001 -.066
6 -5.502 13.496 -66.999 .373 21.001 -.006
4 -5.502 13.496 -68.999 .373 21.061 -.005
6 -5.502 13.497 -46.999 .373 21.691 -.665
6 -.5362 13.497 -69.666 .373 21.00 -.003
6 -5.502 13.497 -69.066 .373 21.006 -.064
6 -5.502 13.497 -69.006 .373 21.600 -.64
6 -5.562 13.497 -69.000 .373 21.60 -.004
6 -5.562 13.497 -69.060 .373 21.00 -.004
4 -5.502 13.497 -69.600 .374 21.0 -.963
6 -5.562 13.497 -69.006 .374 21.686 -.663
6 0.562 13.497 -69.600 .374 21.066 -.003
6 -. 502 13.497 -69.6O0 .374 21.006 -.062
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TABLE A-VI (CONT)

K0
RAY IETA THETA(RAY) NORMAL s ALPHA2 RHO 2

6 -5.562 13.49? -69.006 .374 21.066 -.092
6 -5.502 13.497 -69.00 .374 21.090 -. 02
6 -5.302 13.497 -69.666 .374 21.06 -. 01
6 -5.502 13.497 -69.00 .374 21.666 -.601
6 -5.502 13.497 -69.00 .374 21.006 -.001
6 -5.302 13.497 -9.000 .374 21.000 -.061
a -5.502 13.497 -69.066 .374 21.00 -. 006

4 -5.502 13.497 -.69.00 .374 21.060 -.001
6 -5.502 13.497 -69.00 .374 21.66 -.601
6 -S.502 13.497 -9.000 .374 21.O6 -. 01
4 -5.562 13.497 -69.604 .374 21.0S -.001
6 -5.502 13.497 -49.600 .374 21.000 -. 0
6 -5.502 13.497 -69.00 .374 21.606 -.009
6 -3.502 13.497 -49.0 .374 21.000 -.00
6 -5.502 13.49? -69.000 .374 21.000 -.9g6
6 -5.592 13. 4S7 -69.600 .374 21.000 -.06
6 -5.502 13.497 -69.6" .374 21.000 -.900
6 -5.502 13.497 -69.600 .374 21.600 -. 00
6 -5.502 13.497 -69.04 .374 21.00 -.00e
6 -5.502 13.497 -69.00 .374 21.000 -.400
6 -5.502 13.497 -49.600 .374 21.60 -.000

-5.502 13.497 -69.60 .374 21.000 -. 00
6 -5.502 13.497 -69.000 .374 21.00 -.60
6 -5.502 13.497 -49.000 .374 21.000 -.400
6 -5.502 13.497 -69.000 .374 21.6ff -.000
6 -5.502 13.497 -49.00 .374 21.000 -. 00
6 -5.502 13.497 -49.0" .374 21.0ff -.000
6 -5.502 13.497 -49.00 .374 21.000 -.000

7 -6.409 12.731 -60.234 6.O6 21.764 -6.409
7 -6.409 12.772 -40.274 .021 21.726 -6.115
7 -4.409 12.012 -08.315 .042 21.60 -5.017
7 -4.409 12.052 -60.355 .063 21.645 -5.510
7 -. 409 12.892 -60.394 .004 21.60 -5.2135
7 -4.409 12.931 -68.434 .105 21.564 -4.910

7 -6.409 12.971 -68.474 .127 21.526 -4.602
7 -6.409 13.010 -60.513 .140 21.40? -4.292
? -4.409 13.049 -60.552 .169 21.440 -3.970
7 -4.409 13.060 -68.591 .190 21.409 -3.662
? -6.409 13.126 -68.629 .211 21.371 -3.343

7 -6.409 13.65 -60.668 .232 21.332 -3.022
7 -4.409 13.203 -60.706 .253 21.294 -2.497
7 -6.40 13.241 -40.744 .274 21.256 -2.370
? -4.409 13.270 -608.701 .295 21.219 -2.044
7 -6.409 13.316 -40.019 .316 21.101 -1.797

7 -6.409 13.353 -160.05 .337 21.144 -1.372
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TABLE A-VI (CONT)

RaY ITA TETA(RAY) NORMAL s ALPMA2 RHO 2

!

7 6.469 13.309 -60.692 .359 21.100 -1.633
7 -4.409 13.426 -66.920 .306 21.072 -.692
7 -4.409 13.461 -66.964 .401 21.036 -.347
7 -6.409 13.426 -66.926 .368 21.072 -.692
7 -6.409 13.429 -60.932 .302 21.0"# -.697
7 -6.409 13.433 -60.936 .304 21.064 -.623
7 -6.409 13.436 -66.939 .366 21.061 -. 89
7 -6.403 13.440 -66.943 .390 21.957 -.554
7 -6o469 13.444 -60.946 .390 21.054 -.520
7 -. 469 13.447 -60.950 .392 21.SO5 -.405
7 -6.49 13.451 -6.954 .394 21.646 -. 451
7 -6.469 13.454 -6.9357 .396 21.043 -. 416
7 -6.409 13.459 -64.961 .399 21.039 -.382
7 -6.409 13.461 -6.964 .401 21.036 -.347
7 -6.469 13.465 -60.96S .403 21.032 -.313
7 -6.409 13.469 -68.972 .405 21.029 -.270
7 -6.49 13.472 -68.975 .467 21.025 -. 243
7 -6.409 13.476 -60.979 .409 21.621 -.269
7 -6.49 13.479 -68.902 .411 21.010 -.174
7 49 13.403 -66.966 .413 21.614 -.139
7 7 -6.409 13.466 -60.909 .415 21.611 -.164
7 -6.489 13.490 -69.993 .410 21.067 -.076
7 -. 469 13.493 -6.996 .420 21.004 -.035
7 - 409 13.490 -60.993 .410 21.667 -.876
7 -6.49 13.490 -66.993 .416 21.607 -.666
7 :6.409 13.491 -8.994 .416 21.006 -.043
7 -4.409 13.491 -68.994 .418 21.006 -.69
7 -6.409 13.49t -68.994 .410 21.00 -.054
7 -6.469 13.492 -6:.99 .419 21.66 -.052
7 -. 469 13.492 -68.99 .419 21.005 -.949
7 -6.409 13.492 -46.995 .419 21."5 -.645I
7 -6.469 13.493 -46.996 .419 21.004 -.642
7 -. 469 13.493 -68.996 .413 21.004 -.030
7 -. 409 13.493 -66.996 .420 21.0"4 -.035
7 -6.409 13.494 -6.997 .420 21.063 -.031
7 -6.469 13.494 -66.997 .426 21.63 -.020
7 -4.409 13.495 -60.990 .426 21.62 -. 824
7 -6.409 13.495 -6.990 .420 21.6"2 -.621
7 -4.469 13.495 -4.996 .421 21.002 -.817
7 -6.409 13.496 -69.999 .421 21."1 -.014
7 -6.469 13.496 -6.999 .421 21."1 -.618
7 -6.409 13.49 -66.999 .421 21.001 -.07
7 -6.469 13.497 -6.6000 .422 21.90 -.003
7 -6.409 13.496 -6.999 .421 21.001 -.067
7 -6.409 13.496 -69.999 .421 21.601 -.07
7 -6.409 13.49 -66.99 .421 21.061 -.004
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TABLE A-VI (CONT)

RAY RITA THETA(RAY) NORMAL S ALPNA2 RHO 2

7 -4.469 13.496 -68.999 .42L 21.001 -. 06
7 -6.409 13.496 -68.999 .421 21.001 -.006
7 -6.409 13.497 -66.999 .421 21.601 -.905
7 -6.409 13.497 -69.600 .421 21.06" -. 05
7 -6.409 13.497 -69.606 .421 21.60 -.805
7 -6.409 13.49? -69.666 .422 21.666 -.004
7 -6.409 13.49? -69.000 .422 21.0 -. 04
7 -6.409 13.49? -69.006 .422 21.006 -.663
7 -4.409 13.49? -69.06 .422 21.000 -.03
7 -6.409 13.497 -69.60 .422 21.060 -.063
7 -6.409 13.49? -69.606 .422 21.o66 -.002
7 -6.409 13.49? -69.06 .422 21.000 -.802
7 -6.409 13.497 -69.066 .422 21.669 -.902
7 -6.409 13.497 -69.0660 .422 21.666 -. 01I
7 -6.409 13.497 -69.00 .422 21.666 -.061
? -6.409 13.49? -69.00 .422 21.60 -.661
7 -6.409 13.497 -69.06 .422 21.666 -.600
7 -6.409 13.497 -69.000 .422 21.00 -. 0
? -6.409 13.497 -69.066 .422 21.00 -.0o6
7 -6.409 13.49? -69.600 .422 21.00 -. 6
7 -6.409 13.497 -69.0oo .422 21.900 -.0o0
7 -6.409 13.497 -69.000 .422 21.099 -.0907 -6.409 13.497 -69.060 .422 21.606 -.066
7 -6.409 13.49? -69.000 .422 21.000 -.660
7 -4.409 13.497 -69.90 .422 21.006 -.660
7 -4.409 13.497 -69.00 .422 21.606 -.000
7 -4.469 13.497 -69.000 .422 21.06 -.609

6 -7.375 12.595 -60.096 6.666 21.962 -7.375
a -7.37S 12.643 -68.146 .623 21.054 -7.641
6 -7.375 12.690 -68.193 .04? 21.667 -6.764
6 -7.375 12.730 -69.241 .670 21.759 -6.363
6 -7.37 12.78 -6S.208 .094 21.712 -6.610
6 -7.37! 12.631 -40.334- .117 21.666 -5.470
0 -7.375 12.076 -64.361 .141 21.619 -5.319
1 -7.3?! 12.924 -460.427 .164 21.573 -4.963
6 -7.375 12.970 -68.473 .168 21.527 -4.64
6 -7.37! 13.016 -64.319 .211 21.401 -4.241
6 -7.375 13.042 -40.16! .235 21.435 -3.075
6 -7.375 13.107 -64.610 .258 21.398 -3.56!
* -7.3?! 13.152 -60.655 .292 21.345 -3.131
* -7.37! 13.194 -48.499 .300 21.301 -2.753
a -7.37! 13.241 -68.744 .329 21.256 -2.371
* -P.373 13.265 -60.797 .352 21.213 -1.964
6 -7.37! 13.320 -46.631 .376 21.169 -1.59?
6 -7.371! 13.371 -69.074 .399 21.126 -1.263
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TABLE A-VI (CONT)

RAY BETA THETA(RAY) NORMAL S RLPHA2 RHO 2

-7.375 13.413 -66.916 .423 21.964 -.806
-7.375 13.455 -60.950 .446 21.042 -.495

* -7.375 13.413 -68.916 .423 21.004 -.806
* -7.375 13.418 -6:.921 .425 21.079 -. 766
* -7.375 13.422 -60.925 .428 21.075 -. 726
* -7.375 13.426 -60.929 .430 21.071 -.686 j
a -?.375 13.430 -68.933 .432 21.067 -.646

-7.375 13.435 -60.937 .435 21.063 -.606
6 -?.375 t3.439 -68.942 .437 21.050 -.566
a -7.375 13.443 -68.946 .439 21.054 -. 526
8 -7.375 13.447 -68.950 .442 21.050 -.486
0 -7.375 13.451 -66.954 .444 21.046 -.445
* -7.375 13.455 -60.950 .446 21.042 -.405
* -7.375 13.466 -68.963 .449 21.637 -.365
8 -7.375 13.464 -68.967 .451 21.033 -.324
8 -7.375 13.466 -68.971 .453 21.029 -.204
a -7.375 13.472 -68.975 .456 21.025 -.244
O -7.375 13.476 -68.979 .456 21.021 -.283
6 -7.375 13.494 -66.963 .460 21.017 -. 162

-7.375 13.405 -68.968 .463 21.612 -. 122
-. 375 13.469 -68.992 .465 21.006 -.661

6 -7.375 13.493 -60.996 .467 21.664 -.641
8 -7.375 13.409 -66.992 .465 21.60 -.061
6 -7.375 13.409 -68.992 .465 21.60 -.077
8 -?.375 13.496 -66.993 .466 21.667 -.973

-7.375 13.490 -68.993 .466 21.667 -.869
0 -7.375 13.490 -6S.993 .466 21.667 -.065
a -7.375 13.491 -60.994 .466 21.006 -.061

-7.375 13.491 -69.994 .46? 21.06 -.057
0 -7.375 13.492 -68.995 .467 21.065 -.053
a -7.375 13.492 -60.995 .467 21.05 -.049
a -7.375 13.492 -60.995 .467 21.605 -.645
9 -7.375 13.493 -66.996 .467 21.064 -.641
6 -7.375 13.493 -6.996 .466 21.604 -.037
6 -7.375 13o494 -60.997 .468 21.003 -.633
6 -7.375 13.494 -68.997 .460 21.663 -.026
8 -7.375 13.495 -68.990 .460 21.02 . -.024
6 -7.375 13.495 -66.998 .469 21.002 -.020
9 -7.375 13.495 -44.996 .469 21.662 -.016
6 -7.375 13.496 -60.999 .469 21.061 -.612
6 -7.375 13.496 -66.999 .469 21.01 -.900
0 -7.375 13.497 -69.eee .470 21.e00 -.004
6 -7.373 13.496 -6.999 .469 21.601 -.0e
0 -7.375 13.496 -66.999 .469 21.01 -.00"

-7.375 13:496 -60.999 .469 21.041 -. 07
-7.375 13.496 -66.999 .469 21.001 -. 067
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R Y IETR rwcT(RY) NORMRL 9 RLPN2 *HO 2

S -7.375 t3.496 -46.999 .469 21.001 -. 6
0 -7.375 13.496 -40.999 .469 21.001 -.06
* -?.375 13.497 -60.999 .46 21.601 -. 65
6 -7.375 13.497 -49. 66 .476 21.000 -. 65
6 -7.375 13.497 -69.600 .470 21.600 -.664
6 -?.375 13.497 -69.600 .470 21.00 -. 04
0 -?.375 13.497 -49. "o .470 21.00 -.964
8 -?.375 13.497 -49.000 .470 21.0" -.904 I
6 -P.375 13.497 -69.00 .470 21.600 -.03
6 -7.375 13.497 -49.000 .479 21.006 -.002
0 -7.375 13.497 -69.0s .476 21.000 -.902
0 -P.375 13.497 -49.00 .470 21.600 -.062
0 -7.375 13.497 -69.600 .476 21.00 -.861
8 -?.375 13.497 -69.000 .470 21.00 -.601 i
0 -7.375 13.497 -69.000 .470 21.000 -.01
0 -?.375 13.497 -69.000 .4?0 21.06 -.061
0 -7.375 13.497 -69.600 .476 21.00 -.001
0 -?.375 13.497 -69.00 .470 21.00 -. 01
a -7.375 13.497 -69.600 .476 21.60 -.001
a -7.3?5 13.497 -69.600 .476 21.00 -. 01
6 -7.375 13.497 -49.000 .470 21.060 -.661
0 -7.375 13.497 -69.000 .470 21.000 -.601
a -7.375 13.497 -69.006 .476 21.600 -.601
6 -7.375 13.497 -69.000 .476 21.60 -.00
a -?.375 13.497 -69.00 .470 21.600 -. 006
* -7.375 13.497 -69.60 .476 21.0o -.00
a -7.375 13.497 -69.06o .476 21.006 -.60
6 -7.375 13.497 -69.6#6 .470 21.606 -. 000
6 -7.375 13.497 -69.00 .470 21.00 -. 000
6 -?.375 13.497 -69.00 .470 21.06S -. 06
0 -7.375 13.497 -49.00 .470 21.000 -. 000
0 -?.375 13.497 -69.00 .470 21.00 -.00
6 -7.375 13.497 -49.00 .470 21.6o -.000
O -7.375 13.497 -49.0"s .470 21.00 -.000
9 -7.375 13.497 -69.00e .476 21.0o -. 00

9 -0.466 12.445 -47.940 0.00 22.052 -S.406

9 -0.406 12.566 -66.063 .026 21.997 -6.032
9 -6.4064 12.554 -46.059 .652 21.941 -7.653
9 -0.44 12.611 -60.114 .070 21.866 -7.269
9 -8.496 12.666 -66.169 .164 21.831 -6.01
9 -6.44 12.720 -66.223 .129 21.777 -4.48
9 -0.44 12.?75 -60.270 .155 21.722 -6.690
9 -6.406 12.029 -60.332 .161 21.666 -5.600
9 -0.406 12.863 -46.306 .207 21.614 -5.200

99

K-•IJI I.. 
II ..:'" lilI .L



.. . .....

©.1

TABLE A-VI (CONT)

RRY BETA THETR(RAY) NORMAL s ALPHA2 RHO 2

9 -6.46 12.937 -6S.440 .233 21.560 -4.868
9 -. 46 12.990 -69.493 .259 21.507 -4.451
9 -6. 46 13.43 -68.546 .205 21.454 -4.029
9 -0.406 13.095 -60.590 .311 21.462 -3.682
9 -6.466 13.147 -68.650 .33? 21.356 -3.176
9 -6.406 13.199 -69.762 .363 21.290 -2.732
9 -6.406 13.250 -60.753 .380 21.247 -2.299
9 -6.46 13.301 -68.604 .414 21.196 -1.042
9 :6.466 13.351 -68.654 .446 21.146 -1.390
9 -6.406 13.460 -68.903 .466 21.097 -.932
9 -6.406 13.449 -66.952 .492 21.640 -.469
9 -6.466 13.449 -60.952 .492 21.646 -.469
9 -6.406 13.454 -68.957 .495 21.043 -.422
9 -6.406 13.459 -66.962 .497 21.636 -.375
9 -6.466 13.463 -60.966 .566 21.034 -.329
9 -6.406 13.468 -68.971 .502 21.029 -.202
9 4 6 13.473 -66.976 .595 21.624 -.235
9 -. 406 13.476 -66.961 .50 21.019 -. 166
9 -6.406 13.463 -66.966 .516 21.014 -.141
9 -6.406 13.467 -66.990 .513 21.610 -.994
9 0.406 13.492 -68.995 .515 21.065 -.647
9 -. 406 13.492 -66.995 .515 21.665 -.947
9 -6.466 13.493 -66.996 .516 21.064 -.642
9 -6.496 13.493 -60.996 .516 21.664 -.030
9 -6.466 13.494 -68.997 .516 21.003 -.033
9 -6.46 13.494 -66.997 .516 21.03 -.028
9 -6.406 13.495 -66.996 .517 21.62 -.624
9 -0.406 13.495 -66.996 .517 21.602 -.619
9 -0.406 13.496 -66.999 .517 21.001 -.614
9 -0.46" 13.496 -60.999 .517 21.601 -.049
9 -0.46 13.497 -69.00 .516 21. 6" -.005
9 -8.406 13.497 -69.666 .51e 21.666 -.905
9 -0.464 13.497 -69.600 .510 21.06 -. 04
9 -0.406 13.497 -69.600 .516 21.000 -.004
9 -6.406 13.497 -69.000 .516 21.000 -.003
9 -0.4"6 13.497 -69.006 .516 21.0" -.003
9 -0.406 13.497 -69.006 .510 21.000 -.002
9 -0.406 13.497 -69.00 .510 21.OO0 -.602
9 -6.406 13.497 -69.00 .516 21.606 -.601
9 -6.406 13.497 -69.600 .510 21.06 -.661
9 -0.406 13.497 -69.000 .516 21.60 -.000
9 -0.406 13.49? -69.006 .510 21.000 -.00
9 -0.406 13.497 -69.006 .510 21.60 -.000
9 -0.406 13.49? -49.000 .510 21.600 -.000
9 -6.406 13.49? -49.000 .510 21.006 -.006
9 -6.404 13.497 -49.00 .516 21.60 -.900
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TABLE A-VI (CONT)

RAY BETA THETA(RAY) NORMAL 3 ALPMA2 RHO 2

9 -0.466 t3.497 -69.060 .510 21.000 -.0e0
9 -0.406 13.497 -69.000 .519 21.009 -.800
9 -0.406 13.497 -69.000 .519 21.496 -.008
9 -4. 46 13.497 -69.000 .510 21-060e -.600
9 -9.406 13.497 -69.0O0 .59 21-09O0 -.0OO0

1: -9.507 12.277 -67.799 0.eee 22.229 -9.507

10 -9.507 12.341 -67.844 .029 22.156 -9.091
1 -957 12.405 -67.999 .957 22.692 -e.67e

1: -9::" 12.469 -67.972 .oe5 22.028 -0.242
to -9 .5:7 12.533 -68.036 .113 21.944 -7.909
to -9.507 t2.596 -68 • 99 .141 21.991 -7.369
to -9.597 12.664 -69.143 .170 21.837 -6.923
to -9.507 12.723 -60.226 .190 21.?74 -6.471
to -9.507 12.785 -6S.208 .226 21.712 -G.013
to -9.507 12.948 -68.351 .25 21.649 -5.540
to -9.507 12.910 -68.412 .293 21.399 -5.077
to -9.597 12.971 -68.474 .311 21.526 -4.690
to -9.507 13.032 -6S.535 .340 21.465 -4.116
to -9.507 13.092 -69.395 .369 21.405 -3.625
is1 -9.597 13.152 -68.635 .396 21.345 -3.128

ie -9.507 13.212 -48.715 .424 21.265 -2.624
19 -9.30? 13.279 -69.773 .433 21.227 -2.113
to -9.547 13.320 -66.831 .401 21.169 -1.595
is -9.507 t3.395 -64.ess .509 21.112 -1.679
to -9.567 13.442 -49.945 .53S 21.955 -. 539
to -9.507 13.305 -68 .90 .509 21 .112 -1.079
to -9.507 13.391 -GO.S94 .512 21.196 -1.917
to -9.507 13.397 -.689.90 .515 21. 100 -.963
to -9.30? 13.402 -6*905 .510 21.095 -.912

to -9.507 13.400 -6.60911 .521 21. 009 -.959
to -9.9507 13.414 -6.68916 .523 21.084 -.005
is -9.597 13.419 -66.922 .526 21.40 -. 752
to -9.950? 13.425 -64.6920 .529 21.672 -.699
to -9.9 7 13.436 -60.933 .532 21.047 -.646
to -9.30S? 13.434 -6.4939 .535 21.061 -.592
to -9.•507 13.442 -60.945 .534 21.055 -. 539
to -9.•54? 13.44? -60.959 •.540 21.• 59 -. 495
is -9.56? 13.453 -64.956 .543 21.644 -. 431
to -9.30S? 13.4510 6496 .546 21 .639 -.379
to -9.5 07 13.444 -62.967 .549 21 . 33 -.324
to -9.30? 13.449 -60.972 .552 21.020 -.270
to -9.3 07 13.4713 -60.970 .355 21.622 -.216
to -9.507 13.40 -4S.68903 .53? 21.017 -. 162
to -9.9507 13.466 -60.909 .560 21.911 -. Lee
is -9.•507 12.492 -6.9 94 .563 21.096 -.954
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TABLE A-VI (CONT)

RAY BETA THETA(RAY) NORMAL S ALPHA2 RHO 2

16 -9.56? 13.492 -60.994 .563 21."6 -.954
16 -9.567 13.492 -66.995 .563 21.005 -. 049
t6 -9.56? 13.493 -66.996 .564 21.604 -.043
16 -9.56? 13.493 -66.996 .564 21.664 -.836
to -9.56? 13.494 -68.997 .564 21.03 -.033
16 -9.50? 13.494 -68.997 .564 21.663 -.927
16 -9.567 13.495 -68.996 .565 21.662 -.022
1S -9.56? 13.495 -66.998 .565 21.662 -.016
16 -9.50? 13.496 -66.999 .565 21.661 -.011
16 -9.56? 13.496 -66.999 .566 21.001 -.665
16 -9.56? 13.496 -68.999 .566 21.001 -.965
t6 -9.597 13.497 -69.000 .566 21.666 -.665
16 -9.507 13.497 -69.666 .566 21.800 -.804
16 -9.50? 13.497 -69.666 .566 21.00 -.064
16 -9.567 13.49? -69.60 .566 21.06 -.03
16 -9.507 13.49? -69.066 .566 21.00 -.003
16 -9.56? 13.497 -69.666 .566 21.806 -.062
16 -9.507 13.49? -69.966 .566 21.00 -.002
16 -9.56? 13.49? -69.666 .566 21.60 -.001
16 -9.50? 13.497 -69.666 .566 21.00 -.061
16 -9.56? 13.497 -69.00 .566 21.666 -.661
16 -9.507 13.497 -69.000 .56 21.000 -.096
16 -9.56? 13.497 -69.666 .566 21.666 -.066
16 -9.56? 13.497 -69.000 .566 21.60 -.000
16 -9.56? 13.497 -69.60 .566 21.60 -.966
1: -9.56? 13.497 -69.000 .566 21.966 -.060
16 -9.567 13.49? -69.60 .566 21.00 -.666
16 -9.58? 13.497 -69.666 .566 21.996 -.000
16 -9.50? 13.497 -69.000 .366 21.696 -.066
1* -9.56? 13.497 -69.606 .56 21.000 -.006

11 -10.665 12.696 -67.593 6.606 22.467 -10.665
11 -16.665 12.164 -67.66? .631 22.333 -10.227
11 -10.603 12.237 -67.746 .661 22.266 -9.762
11 -16.665 12.311 -67.814 .692 22.166 -9.209
S11 -10.605 12.304 -67.807 .123 22.113 -6.9 9
11 -10.405 12.459 -67.961 .153 22.039 .-9.320
11 -10.465 12.531 -66.034 .184 21.966 -7.625
11 -10.665 12.603 -66.16 .215 21.894 -7.321
11 -10.63 12.676 -66.179 .246 21.021 -6.809
11 -16.643 12.748 -66.251 .276 21.749 -6.269
It -10.665 12.819 -66.322 .397 21.679 -5.760
11 -16.665 12.690 -66.393 .330 21.607 -5.224
11 -16.6 5 12.961 -68.464 .360 21.536 -4.679
II -10.68 13.031 -66.534 .399 21.466 -4.125
11 -10.605 13.100 -6.6063 .430 21.397 -3.562
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TABLE A-VI (CONT)

RAY BETA THETA(RAY) NORMAL s ALPHR2 RHO 2

11 -16.665 13.169'- -60.671 .460 21.329 -2.991
11 -16.685 13.236 -60.739 .491 21.261 -2.411
it -16.605 13.303 -60.606 .522 21.194 -1.822
11 -16.645 13.369 -68.9?2 .553 21.12S -t.224
11 -16.605 13.433 -66.936 .563 21.64 -.616
it -16.685 13.369 -69.6?2 .553 21.126 -1.224
it -16.666 13.375 -69.879 .556 21.122 -1.163
it -16.665 13.392 -68.805 .559 21.115 -1.103
it -16.635 13.386 -66.891 .562 21.109 -1.042
11 -16605 13.395 -6896 .565 21.102 -. 962
it -16.665 13.461 -68.904 .566 21.696 -.921
11 -16.665 13.408 -68.911 .571 21.069 -.860
it -10.665 13.414 -60.917 .574 21.663 -.96
11 -10.665 13.421 -60.924 .577 21.076 -. ?39
it -16.6O5 13.427 -69.936 .566 21.070 -.678
11 -10.685 13.433 -68.936 .5S3 21.064 -.616
11 -19,65 13.446 -69.943 .566 21.057 -.555
11 -10.665 t3.446 -68.949 .509 21.051 -.494
1t -16.685 13.453 -68.956 .592 21.844 -. 432
11 -16.665 13.459 -66.962 .596 21.636 -.371
it -16.685 13.465 -68.968 .599 21.032 -. 309
11 -16.605 13.472 -66.975 .602 21.625 -.248
11 -16.665 13.478 -66.991 .605 21.619 -.16
11 -10.665 13.464 -69.967 .606 21.613 -. 124
11 -16.665 13.491 -66.994 .611 21.006 -.062
11 -16.65 13.484 -68.907 .66 21.613 -. 124
11 -16.465 13.485 -68.966 .666 21.0t2 -. 118
11 -16.665 13.486 -66.969 .606 21.011 -. 112
It -t6.665 13.406 -66.969 .609 21.611 -.193
11 -10.s5 13.407 -66.996 .609 21.010 -. 099
11 -16.465 13.466 -60.991 .609 21.069 -.093
11 -16.o6s 13.40 -60.991 .616 21.0169 -. 067
11 -16.665 13.499 -60.992 .616 21.060 -.001
11 -16.665 13.449 -60.992 .616 21.060 -. 074
11 -16.665 13.496 -60.993 .611 21.007 -.068
11 -16.665 13.491 -6S.994 .611 21.966 -.062
11 -16.665 13.491 -40.994 .611 21.064 -.656
1 -1.4$5 13.492 -46.995 .612 21.065 -.056
11 -t6.665 13.493 -66.996 .612 21.604 -. 043
it -10.665 13.493 -68.996 .612 21.604 -.037
11 -to.665 13.494 -60.997 .612 21.663 -.031
It -tO.665 13.495 -66.997 .613 21.03 -.025
11 -10.665 13.495 -60.998 .613 21.062 -.019
11 -16.665 13.494 -60.999 .613 21.661 -.012
11 -10.6SO 13.496 -68.999 .614 21.661 -.04
11 -16.445 13.496 -66.999 .613 21.601 -.012
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C. .TABLE A-VI (CONT)

MAY BETA THETR(RAY) NORMAL S ALPHA2 RHO 2

11 -16965 13.496 -68.999 .613 21.601 -.012

11 -16.665 13.496 -66.999 .613 21.001 -.011
I21.61 -.011
11 -10.665 13.496 -66.999 .613 21.001 -.010
it -10.685 13.496 -66.999 .614 21.061 -.009
it -16.665 13.496 -6.999 .614 21.661 -.099
11 -10.65 13.496 -66.999 .614 21.601 -.668
it -16.685 13.496 -66.999 .614 21.601 -.067
ti -16.605 13.496 -48.999 .614 21.091 -.007
it -16.665 13.496 -6.999 .614 21.061 -.066
it -16.65 13.496 -66.999 .614 21.091 -.06
It -16.665 13.497 -66.999 .614 21.061 -.065
11 -16.665 13.497 -69.666 .614 21.606 -.094
it -16.65 13.497 -69.666 .614 21.096 -.064
11 -16.665 13.49? -49.666 .614 21.660 -.663
it -16.665 13.497 -69.666 .614 21.906 -.062
it -16.65 13.49? -49.666 .614 21.660 -.662
11 -16.65 13.497 -69.666 .614 21.666 -.081
it -16.665 13.49? -69.666 .614 21.666 -.661
11 -16.665 13.497 -69.666 .614 21.606 -.061
11 -16.665 13.49? -69.666 .614 21.600 -.061
11 -16.665 13.497 -69.666 .614 21.666 -.091
it -16.65 13.497 -69.666 .614 21.666 -.061
it -16.665 13.497 -49.666 .614 21.666 -.061
it -16.665 13.49? -49.666 .614 21.660 -.901
11 -16.65 13.497 -69.666 .614 21.660 -.901
it -16.665 13.497 -69.666 .614 21.006 -.061
11 -16.665 13.497 -69.666 .614 21.666 -.001
11 -16.665 13.497 -49.666 .614 21.06 -.881
it -16.665 13.497 -49.66 .614 21.600 -. 061
it -16.665 13.497 -69.666 .614 21.069 -.061
11 -16.405 13.497 -69.666 .614 21.66. -.006
it -19.665 13.497 -49.666 .614 21.666 -.909
11 -16.665 13.497 -49.666 .614 21.606 -.600
11 -14.65 t3.497 -69.000 .614 21.000 -. 00
11 -16.65 13.497 -69.066 .614 21.666 -. 666
11 -16.665 13.497 -69.666 .614 21.000 -.066
11 -16.665 13.49? -69.666 .614 21.666 -.060
Is -16.65 13.49? -69.06s .614 21.660 -. 6

12 -11.947 11.661 -67.304 6.666 22.616 -11.94?
12 -11.947 11.945 -67.466 .633 22.532 -11.446
12 -11.94? 12.649 -67.532 .66 22.440 -16.937
12 -11.947 12.133 -67.636 .699 22.364 -16.416
12 -11.947 12.217 -67.720 .132 22.266 -9.699
12 -11.947 12.301 -67.664 .16 22.196 -9.351
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TABLE A-VI (CONT)

A

RAY BETA THETA(RAY) NORMAL s ALPHa2 RHO 2

12 -11.947 12.385 -67.888 .199 22.112 -8.803
12 -11.947 12.469 -67.972 .232 22.028 -8.245
12 -11.947 12.552 -68.055 .265 21.945 -7.677
12 -11.947 12.635 -68.130 .298 21.862 -7.898
12 -11.94? 12.717 -68.228 .331 21.788 -6.588
12 -11.947 12.799 -68.302 .364 21.698 -5.988
12 -11.947 12.881 -68.384 .397 21.616 -5.297
12 -11.947 12.961 -68.464 .438 21.536 -4.675
12 -11.947 13.041 -68.544 .463 21.456 -4.842
12 -11.947 13.128 -68.623 .497 21.377 -3.398
12 -11.947 13.198 -68.781 .538 21.299 -2.742
12 -11.947 13.275 -68.778 .563 21.222 -2.874
12 -11.947 13.350 -68.853 .596 21.147 -1.395
12 -11.947 13.424 -68.927 .629 21.873 -.783
12 -11.947 13.497 -69.088 .662 21.88 -. 800
12 -11.947 t3.424 -68.927 .629 21.873 -.?83
12 -11.947 13.432 -68.935 .632 21.865 -.633
12 -11.947 13.439 -68.942 .636 21.858 -.564
12 -11.947 13.446 -68.949 .639 21.851 -.494
12 -11.947 13.454 -68.957 .642 21.843 -.423
12 -11.947 13.461 -68.964 .645 21.836 -.353
12 -11.947 13.468 -68.971 .649 21.829 -.283
12 -11.947 13.475 -68.978 .652 21.822 -.212
12 -11.947 13.483 -68.986 .655 21.014 -. 142
12 -11.947 13.498 -68.993 .659 21.887 -.871
12 -11.947 13.497 -69.880 .662 21.088 -.908
12 -11.947 13.490 -68.993 .659 21.807 -. 071
12 -11.947 13.49t -68.994 .659 21.86 -.864
12 -11.947 13.491 -68.994 .659 21.886 -.857
12 -11.947 13.492 -68.995 .668 21.885 -.858
12 -11.947 13.493 -68.996 .668 21.884 -.843
12 -11.947 13.493 -68.996 .668 21.884 -.835
12 -I1.947 13.494 -68.997 .661 21.883 -.828
12 -11.947 13.495 -68.998 .661 21.02 -.821
12 -11.947 13.496 -68.999 .661 21.861 -.814
12 -11.947 13.496 -68.999 .662 21.081 -.807
12 -11.947 13.497 -69.888 .662 21.080 -. 688
12 -11.947 13.496 -68.999 .662 21.801 -.887
12 -11.947 13.496 -68. 999 .662 21.81 -.006 )
12 -11.947 13.496 -60.999 .662 21.881 -.886
12 -11.947 13.497 -68.999 .662 21.801 -.885
12 -11.947 13.497 -69.888 .662 21.888 -.884
12 -11.947 13.497 -69.888 .662 21.880 -.84
12 -11.947 13.497 -69.088 .662 21.880 -.003
12 -11.947 13.497 -69.888 .662 21.0880 -.802
12 -11.947 13.497 -69.80 .662 21.880 -.881
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RAY llTA THETA(RAY) NORMAL S ALPHA2 RHO 2

12 -11.94? 13.49? -69.00 .662 21.660 -. 01
12 -11.947 13.497 -69.600 .662 21.06 -.006
12 -11.947 13.497 -69.666 .662 21.600 -.661
12 -11.947 13.497 69.666 ,662 21.000 -.601
12 -11.947 13.497 -69.oi0 .662 21.00 -.061
12 -11.947 13.497 -69.66e .662 21.066 -.000

12 -11.947 13.497 -69.666 .662 21.666 -. 000
12 -11.94? 13,497 -69,600 ,662 21.666 -.666 |12 -11.94? 13.497 -69.600 .662 21.000 -,6o6
12 -11.94? 13.497 -69.606 .662 21.666 -. 666
12 -11.947 13.497 69.666 .662 21.6:S -.066
12 -11.947 13.497 -69.666 .662 21.000 -.666
12 -11.947 13.497 -.69.666 .662 21.000 -.660

13 -13,30 11,646 -67,149 6.oe 22.051 -13.30
13 -13,30 11,741 -67,244 .136 22.756 -12.756
13 -13,366 11.63? -67.340 .671 22.669 -12,203
13 -13,366 11,933 -67.436 .107 22.564 -11.636
13 -13.306 12.029 -67.532 .142 22.468 -11.60
13 -13.360 12.125 -67.620 .176 22.372 -1.476
13 -13,366 12.221 -67724 ,213 22,276 9.66
13 -13,366 12,316 -67,019 ,249 22.161 -9,253
13 -13.369 12.412 -67.915 .294 22.005 -6,126
13 -13,300 12.507 -68,610 .329 21.990 -7.905
13 -13,366 12.62 -6.165 .355 21.695 -7.331
13 -13,366 12.696 -66,199 ,391 21,01 -4,663
13 -13.300 12,796 -60,293 ,426 21,767 -5,9:1
13 -13.360 12.82 -66.385 .462 21.615 -5.285
13 -13.300 12.974 -66.477 .497 21.523 -4.575
13 -13:3:: 13:045 -60.568 .533 21.432 -3.850
13. -13,366 13,154 -66.657 ,566 21.343 -3.116
13 -13.366 13.242 -66745 604 21.255 -2.356
13 -13.300 13.329 -66.032 .639 21.166 -1.596
13 -13.309 13.414 -66.917 .675 21.603 -.601
13 -13.309 13.329 -60.032 .639 21.166 -1.36
13 -13.360 13.336 -60841 .643 21.159 -1.500
13 -13.366 13.346 -68.49 .646 21.151 .-1.430
13 -13:366 13,355 -6.659 .60 21.142 -:.352
13 -13,366 13,363 -66,666 ,653 21.134 -1.274
13 -13.309 13.372 -68,6?5 ,657 21.125 -1.195
13 -13.300 13.300 -60.003 .640 21.117 -1.117
13 -13,360 13,309 -66:92 .664 21.106 -1.636
13 -13.360 13.397 -. 60 .667 21.196 -.959
13 -13,360 13.46 -6G.909 .671 21.91 -.860
13 -13.300 13.414 -69.917 .675 21.603 -. ,01
13 -13.366 13.422 -60.925 .679 21.675 -. 721
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nRY BETA THETA(RAY) NORMAL S ALPH2 RHO 2

13 -13.306 13.431 -66.934 .602 21.066 -.642
13 -13.360 13.439 -68.942 .685 21.058 -.562
13 -13.366 13.447 -66.956 .669 21.050 -.482
13 -13.366 13.456 -6s.959 .692 21.641 -.492
13 -13.300 13.464 -60.947 .696 21.033 -.322
13 -13.366 13.472 -68.975 .699 21.025 -.24213 -13.360 13.461 -66.9S4 .763 21.016 -. 161
13 -13.300 13.469 -66.992 .767 21.60 -.061
13 -13.306 13.461 -68.964 .703 21.616 -.161
13 -13.300 13.481 -68.964 .763 21.016 -.153
13 -13.300 13.462 -60.965 .704 21.015 -. 145
13 -13.300 13.483 -66.906 .704 21.014 -. 137
13 -13.300 13.464 -68.967 .704 21.613 -. 129
13 -13.300 13.405 -68.966 .765 21.012 -. 121
13 -13.306 13.486 -66.966 .795 21.012 -. 113
13 -13.30 13.466 -68.949 .795 21.611 -.105
13 -13.30 13.487 -60.990 .706 21.016 -.097
13 -13.30S 13.488 -68.991 .706 21.69 -.689
13 -13.300 13.489 -60.992 .767 21.004 -.961
13 -13.300 13.490 -69.93 .797 21.067 -.873
13 -13.300 13.490 -66.993 .767 21.607 -. 065
13 -13.300 13.491 -68.994 .708 21.096 -.657
13 -13.300 0.492 -68.995 .766 21.05 -.040
13 -13.360 13.493 -66.996 .706 21.04 -.840
13 -13.300 13.494 -68.997 .709 21.063 -.632
13 -13.300 13.495 -69.990 .709 21.602 -.924
13 -13.300 13.495 -60.996 .769 21.002 -.616
13 -13.300 13.496 -66.999 .710 21.001 -.00
13 -13.30 13.495 -68.990 .769 21.002 -.616
13 -13.360 13.495 -68.990 .709 21.002 -.015
13 -13.300 13.496 -60.999 .789 21.061 -.015
13 -13.30 13.496 -66.999 .709 21.001 -. 014
13 -13.360 13.496 -69.999 .709 21.091 -. 013
13 -13.360 13.496 -6.999 .710 21.601 -.012
13 -13.300 13.496 - 6.999 .716 21.001 -. 01113 -13.300 13.496 -60.999 .716 21.601 -.611
13 -13.36 13.496 -60.999 .710 21.001 .-. at@13 -13.300 13.496 -66.999 .710 21.6"1 -. 609
13 -13.360 13.496 -46.999 .716 21.091 -.008
13 -13.390 13.496 -68.999 .710 21.001 -.007
13 -13.300 13.496 -66.999 .716 21.61 -.906
13 -13.300 13.496 -60.999 .71 21."1 -.606
13 -13.300 13.497 -69.60 .710 21.000 -.605
13 -13.309 13.497 -49.600 .716 21.060 -. 004
13 -13.360 13.497 -69.60o .710 21.060 -.663
13 -13.360 13.497 -69.800 .716 21.80 -. 002
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RAY BETA THETR(RAY) NORMAL S ALPHA2 RHO 2

13 -13.300 13.497 -69.6 0 .710 21.000 -.002
13 -13.300 13.497 -69.600 .?to 21.600 -.061
13 -13.360 13.497 -69.00 .71$ 21.000 -.902
13 -13.306 13.497 -69.660 .710 21.00 -.962
13 -13.366 13.497 -69.066 .71 21.000 -.061
13 -13.30 13.497 -69.066 .71 21.060 -. 01
13 -13.300 13.497 -69.06e .710 21.060 -.901
13 -13.300 13.497 -69.066 .716 21.06 -.661
13 -13.360 13.497 -69.666 .716 21.00: -.901
13 -13 .309 13,.49? -6 as$ .71: 21 , ee-. e
13 -13.360 13.497 -69.006 .716 21.600 -. 01
13 -13.366 13.497 -69 ee .710 21.60 -. ot
.13 -13.300 13.497 -69.600 .710 21.000 -.601
13 -13.366 13,497 -9.006 .719 21.660 -.061
13 -13.300 13.497 -69.600 .710 21.000 -.601
13 -13.366 13.497 -69.00 .71: 21.00 -.001
13 -13.300 13.497 -69.00 .710 21.000 -.601
13 -13.360 13.497 -69.s0 .716 21.000 -. 60
13 -13.30 13.497 -69.006 .710 21.600 -.600
13 -13.360 13.497 -69.60e .71@ 21.00 -.006
13 -13.30 13.497 -69.666 .716 21.606 -.o00
13 -13.300 13.497 -69.660 .710 21. 060 -.066
13 -13.306 13.497 -69.00 .?t6 21.66 -.606

14 -14.755 11.32 -. 66.O 6.00 23.115 -14.755
14 -14.755 11.490 -66.993 .030 23.00? -14.170
14 -14.755 11.59 -67.161 .076 22.S99 -13.572
14 -14.755 11.76 -67.209 .114 22.791 -12.959
14 -14.755 11.815 -67.316 .152 22.662 -12.331
14 -14.755 11.924 -67.427 .190 22.573 -11.689
14 -14.755 12.034 -67.537 .227 22.463 -11.031
14 -14.7!5 12.143 -67.646 .265 22.354 -16.357

14 -14.755 12.252 -67.7!5 .303 22.24! -9.668
14 -14.75! 12.341 -67.064 .341 22.136 -. 962
14 -14.755 12.470 -67.973 .379 22.027 -6.236
14 -14.75! 12.576 -60.061 .417 21.919 -7.496
14 -14.75! 12.6! -60.166 .45 21.612 -4.746
14 -14.755 12.792 68.295 .493 21.70! -5.964
14 -14.755 12.097 -48.406 .531 21.660 -5.176
14 -14.7!! 13.02 -60.56! .549 21.495 -4.357
14 -14.755 13.105 -68.6400 .6046 21.392 -3.524
14 -14.7!5 13.206 -60.709 .444 21.291 -2.673
14 -14.735 13.305 -46.e06 .462 21.192 -1.002
14 -14.75! 13.402 -66.905 .720 21.09! -.911
14 -14.755 13.462 -60.905 .726 21.095 -.911
14 -14.755 13.412 -60.915 .724 21.005 -.021
14 -14.75 13.421 -60.924 .728 21.076 -.736
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TABLE A-VI (CONTI

RAY BETA THETA(RAY) NORMAL S ALPHA2 RHO 2

14 -14.755 13.431 -68.934 .732 21.066 -.640
14 -14.755 13.440 -68.943 .735 21.657 -.549

14 -14.755 13.456 -66.953 .739 21.047 -.456

14 -14.755 13.459 -68.962 .743 21.636 -.367

14 -14.755 13.469 -68.972 .747 21.626 -.275

14 -14.755 13.476 -66.901 .751 21.619 -.164 
14 -14.755 13.48 -68.991 .754 21.669 -. 092

14 -14.755 13.400 -6.991 .754 21.69 -.092

14 -14.755 13.409 -60.992 .755 21.006 -.083

14 -14.755 13.496 -66.993 .755 21.007 -.674
14 -14.755 13.490 -68.993 .755 21.67 -. 064

14 -14.755 13.491 -60.994 .?56 21.96 -. 55
14 -14.755 13.492 -66.995 .756 21.005 -.046

14 -14.755 13.493 -66.996 .757 21.064 -.637

14 -14.755 13.494 -66.997 .757 21.03 -.026I
14 -14.755 13.495 -66.990 .757 21.662 -.616

14 -14.755 13.496 -66.999 .756 21.601 -.009

14 -14.755 13.496 -60.999 .750 21.01 -. 69

14 -14.755 13.496 -68.999 .750 21.001 -. 66

14 -14.755 13.496 -68.999 .758 21.001 -.607

14 -14.755 13.496 -66.999 .750 21.01 -. 66
14 -14.755 13.496 -68.999 .756 21.61 -. 6

14 -14.755 13.497 -69.666 .750 21.666 -.66S
14 -14.755 13.497 -69.600 .750 21.000 -.004

14 -14.755 13.497 -69.06 .756 21.00 -.663
14 -14.755 13.497 -69.666 .756 21.644 -.002
14 -14.755 13.497 -69.000 .756 21.600 -.601

14 -14.755 13.497 -69.600 .750 21.00 -.661

14 -14.755 13.497 -69.0O0 .756 21.06O -.601
14 -14.755 13.497 -69.666 .758 21.009 -.861

14 -14.755 13.497 -69.000 .756 21.060 -. 001

14 -t4.755 13.49? -49.009 .738 21.900 -. 00I

14 -14.755 13.497 -69.000 .750 21.00 -.661
14 -14.755 13.497 -69.06 .756 21.00 -.006
14 -14.755 13.497 -69.06 .756 21.606 -. 600

14 -14.755 13.497 -69.60 .758 21.000 -.060

14 -14.755 13.497 -69.600 .758 21.000 -. 606

15 -16.326 11.005 -66.566 0.004 23.412 -16.320

15 -16.326 11.205 -66.70 .040 23.292 -15.694

15 -16.326 11.327 -6.636 .661 23.170 -15.052

15 -16.320 11.449 -66.952 .121 23.046 -14.393

15 -16.320 11.572 -67.075 .161 22.925 -13.715

1 -16.326 11.696 -67.199 .262 22.861 -13.019

15 -16.320 11.020 -47.323 .242 22.677 -12.365

15 -16.320 11.944 -67.447 .262 22.553 -11.576
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RAY KTA THITA(RAY) NORMAL R ALPHA2 RHO 2

15 -14.320 12.049 -47.572 .322 22.420 -16.014
15 -14.326 12.193 -67.696 .363 22.304 -18.041
is -16.320 12.319 -67.821 .403 22.179 -9.245
15 -16.320 12.442 -67.945 .443 22.055 -8.427
15 -16.320 12.565 -8.068 .404 21.932 -7.507
15 -14.320 12.608 -68.191 .524 21.999 -6.724
15 -16.320 12.809 -60.312 .564 21.66 -5.638
15 -14.320 12.929 -60.432 .645 21.569 -4.927
15 -14.320 13.047 -46.556 .645 21.450 -3.992
15 -16.320 13.164 -68.667 .605 21.333 -3.633
15 -16.326 13.270 -60.760 .726 21.220 -2.46
15 -14.320 13.309 -64.692 .766 21.18 -1.037
15 -16.320 13.276 -69.766 .726 21.220 -2.648
15 -14.326 13.209 -60.792 .739 21.200 -1.948
15 -14.320 13.30 -6.6803 .734 21.197 -1.848
15 -16.320 13.311 -66.614 .730 21.196 -1.747
15 -14.326 13.322 -.60.25 .742 21.175 -1.646
15 -14.320 13.334 -6.636 .744 21.164 -1.546
15 -16.326 13.345 -6:.46 .756 21.152 -1.444
is -16.320 13.354 -4.659 .754 21.141 -1.343
15 -14.326 13.347 -6.6 76 .756 21.136 -1.241
1s -16.326 13.376 -69.891 .762 21.119 -1.139
15 -16.320 13.369 -68.892 .766 21.106 -1.037
15 -14.320 13.400 -60.903 .776 21.697 -.934
15 -16.326 13.411 -68.914 .774 21.096 -.832
15 -16.320 13.422 -69.925 .776 21.075 -.729
15 -16.320 13.432 -68.93! .762 21.065 -.625
15 -14.326 13.443 -69.946 .796 21.054 -.522
15 -14.326 13.454 -60.957 .790 21.643 -. 416
15 -16.328 13.465 -64.968 .794 21.032 -.314
15 -16.326 13.476 -68.979 .796 21.621 -.269
15 -16.320 13.406 -69.969 .662 21.611 -. 105
1 -16.320 13.466 -69.969 .902 21.011 -. 165
15 -16.326 13.407 -66.9 .003 21.016 -.694
15 -14.326 13.469 -64.991 .603 21.009 -.604
15 -14.320 13.490 -6.993 .603 21.607 -.073
15 -16.326 13.491 -68.994 .664 21.06 -.663
1 -16.320 13.492 -60.99! .664 21."5 -.652
15 -16.320 13.493 -68.996 .65 21.04 -.042
is -16.320 13.494 -46.99? .065 21.063 -.431
15 -16.320 13.495 -48.996 .965 21.82 -.021
15 -16.326 13.494 -69.999 .0o6 21."1 -.010
15 -16.320 13.496 -69.999 .06 21."1 -.010
15 -14.320 13.496 -40.999 .906 21.001 -.009
15 -14.320 13.496 -40.999 .O6 21.01 -.00S
15 -14.320 13.496 -60.999 .640 21.061 -.607
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TABLE A-VI (CONT;)

RAY IETA THETA(RAY) HORMFAL $ ALPHA2 RHO 2

15 -16.320 13.496 -60.999 .666 21.661 -.006
15 -16.320 13.497 -60.999 .$06 21.001 -. 05
15 -16.320 13.497 -69.006 .806 21.000 -.004
15 -16.320 13.497 -69.00 .906 21.000 -. 003
15 -16.326 13.497 -69.000 .806 21.006 -.062
15 -16.320 13.49? -69.060 .006 21.000 -. 001
15 -16.326 13.49? -69.o00 .806 21.060 -. 001
15 -16.326 13.497 -69.060 .606 21.060 -. 001 I
15 -16.320 13.49? -69.066 .666 21.060 -. 061
15 -16.320 13.497 -69.000 .06 21.00 -. 001
15 -16.326 13.497 -69.600 .o6 21.606 -.001
15 -16.326 13.497 -69.000 .966 21.000 -. 001
15 -16.320 13.497 -69.000 .866 21.006 -.000

15 -16.326 13.497 -69.090 .606 21.060 -.006
Is -16.320 13 .497 -.69 000 .004 21 .096 -.000
is -16.320 13.49? -69.006 .006 21.000 -. 00

16 -16.042 10.749 -66.252 0.000 23.740 -10.005
16 -16.605 10.63 -66.306 .643 23.614 -17.341
1 -10.005 11.019 -66.522 .065 23.476 -16.657
16 -10.605 11.156 -66.659 .126 23.341 -15.952
16 -16.665 11.294 -66.797 .171 23.203 -15.22616 -16.005 11.434 -66.937 .214 23.063 -14.477

16 -16.005 11.574 -67.677 .256 22.923 -13.704
16 -t.05 11.715 -67.218 .299 22.792 -12.96
16 -16.605 11.65? -67.366 .342 22.640 -12.07
16 -18.095 11.999 -67.502 .304 22.490 -11.240
16 -10.005 12.141 -67.644 .427 22.356 -10.367
16 -10.005 12.263 -67.766 .470 22.214 -9.467
16 -16.005 12.425 -67.922 .513 22.672 -6.53
16 -18.045 12.566 -66.0 9 .555 21.931 -7.500
16 -16.065 12.76 -60.209 .5 21.791 -6.593
16 -1.005 12.044 -60.347 .641 21.653 -5.575
16 -16.005 12.900 -60.463 .683 21.517 -4.525
16 -10.05 13.114 -60.61? .?26 21.343 -3.444
1 -10."s 13.245 -60.740 .769 21.252 -2.329
16 -16.605 13.373 -66.076 .811 21.124 -1.102
16 -18.044 13.245 -60.740 .769 21.252 -2.329
16 -16.605 13.250 -68.761 .?73 21.-39 -2.216
16 -10.665 13.271 -. 774 .777 21.226 -2.103
16 -10.005 13.264 -60.767 .72 21.213 -1.969
16 -16.005 13.297 -60.000 .766 21.200 -1.074
16 -10.005 13.310 -60.013 .?96 21.107 -1.760
16 -10.ON6 13.323 -66.026 .794 21.174 -1.645
16 -16.005 13.335 -60.630 .799 21.162 -1.530
16 -10.005 13.340 -66.051 .603 21.149 -1.414
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TABLE A-VI (CONT)

RAY BETA THETA(RAY) NORMAL S ALPHA2 RHO 2

14 -16.665 13.361 -68.94 .87 21.136 -1.296
16 -18.665 13.373 -40.874 .811 21.124 -1.182
14 -18.05 13.306 -6.699 .916 21.111 -1.665
14 -10.665 13.396 -68.961 .626 21.99 -. 948
16 -16.665 13.411 -60.914 .824 21.86 -.631
14 -16.665 13.423 -60.926 .829 21.74 -.713
14 -16.605 13.436 -68.939 .833 21.61 -. 595
14 -10.065 13.440 -40.951 .037 21.649 -.477
14 -16.665 13.460 -68.963 .041 21.037 -.356
14 -18.065 13.473 -68.976 .646 21.024 -.239
16 -16.665 13.405 -60.96 .656 21.612 -. 126
14 -16.665 13.473 -69.974 .646 21.024 -.239
16 -16.665 13.474 -68.977 .646 21.623 -.227
16 -16.665 13.475 -68.976 .647 21.22 -.215
16 -16.665 13.476 -69.979 .047 21.021 -.263
14 -19.665 13.476 -69.98 .647 21.626 -. 191
16 -16.65 13.479 -69.982 .646 21.010 -. 179
16 -16.665 13.406 -68.963 .646 21.617 -. 16
14 -16.665 13.461 -68.964 .649 21.614 -. 156
14 -16.665 13,4 2 -6.965 .649 21,015 -. 144
14 o1.665 13464 4 -6. 967 .6:56 21.613 -. 132
14 -18.665 13.405 -6.960 .80 21.612 -. 126
14 -10.05 13.404 -6s.909 .$$0 21.011 -. 166
1 -16.665 13.407 -6.990 .51 21.016 -. 096
1 -16.065 13.469 -60.991 .851 21.069 -. 004
IS -16.665 13.496 -66.993 .652 21.66? -.672
16 -16.665 13.491 -0.994 .652 21.096 -.060
1f -10.66 13.492 -60.995 .052 21.665 -.646
14 -6.6es 13.493 -68.996 .653 21.664 -.036
14 -16.66 13.495 -48.996 .653 21.62 -.624
14 -10.065 13.494 -48.999 .84 21.01 -.012
16 -10.0.5 13.494 -69.999 .654 21.001 -.612
1 -16.665 13.494 -44.999 .654 21.061 -.911
14 -16.665 13.494 -46.999 .054 21.001 -.918
14 -16.665 13.494 -6.999 .654 21.601 -.060
14 -16.665 13.494 -46.999 .854 21.941 -.667 7
1 -10.665 13.4% -6.L6999 .654 21.001 -. 6
14 -16.665 13.497 -9.6006 .654 21.006 -.005
14 -16.665 13.497 -69.066 .854 21.060 -.04
14 -16.665 13.497 -49.0 .654 21.86 -.002
14 -16.665 13.497 -49.eoe .84 21.009 -.001
i -10.665 13.497 -49.666 .654 21.009 -.062
14 -10.065 13.497 -49.600 ,S54 21.000 -. 02
i -16.665 13.497 -49.666 .854 21.060 -.002
I -1.665 13.497 -69.606 .654 21.66 -.002
14 -10.6O5 13.497 -49.66O .654 21.000 -.002
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TABLE A-VI (CONT)

MAY IOTA TMKTR(RAY) NORMAL S ALPHA92 RHO 2

i4 -18.005 13.497 -69.006 .854 21.906 -.602
14 -10.605 13.497 -13.O60 .S4 21.960 -.002
16 -18.005 13.497 -69.o00 .054 21.000 -.802
14 -Is.05 13.497 -69.000 .954 21.60e -.601
1 -10.685 13.497 -69.000 .654 21.600 -.001
1 -16.05 13.49? -69.006 .854 21.0660 -.001
t -1.645 13.497 -69.000 .854 21.000 -.001
is -18.0095 13.497 -69.060 .854 Zt.8O6 -.001
14 -19.685 13.49? -69.000 .854 21.600 -.Go1
14 -16.95 13.497 -49.000 .854 21.006 -.401
14 -10.005 13.497 -69.060 .854 21.600 -.661t
14 -16.665 13.49? -69.000 .054 21.096 -.666
16 -18.665 13.497 -69.069 .654 21.00 -. 009
1 -e.005 13.497 -69.606 .854 21.8e0 -.000
1 -19.895 13.49? -49.64 .854 21.000 -. 060

17 -19.232 10.369 -65.872 0.e06 24.129 -19.823
17 -19.623 16.517 -66.020 .845 23.900 -19.124
17 -19.023 16.660 -64.1?t .090 23.629 -t9.406
17 -19.823 10.821 -66.323 .133 23.677 -17.652
17 -19.823 10.975 -66.479 .%So 23.522 -16.878
17 -19.623 11.132 -646.35 .226 23.365 -16.077
17 -19.923 11.290 -66.793 .271 23.20? -15.248
t? -19.023 11.450 -66.953 .316 23.647 -14.309
17 -19.823 11.411 -67.114 .361 22.886 -13.506
17 -19.423 11.773 -67.275 .404 22.725 -12.578
I? -19.823 11.935 -47.430 .451 22.562 -11.624
17 -19.823 12.096 -67.601 .494 22.399 -19.636
17 -19.623 12.261 -67.764 .541 22.234 -9.412
t? -19.623 12.423 -47.926 .504 22.0?4 -0.552
1? -19.923 12.504 -6.80? .632 21.913 -7.454
17 -19.823 12.744 -60.247 .77 21.7?3 -4.316
t? -19.023 12.962 -60.405 .722 21.596 -5.138
1? -19.023 13.056 -68.559 .767 21.441 -3.918
1? -19.023 13.206 -68.711 .812 21.209 -2.456
1? -19.023 13.355 -648.05 .057 21.142 -1.356
17 -1.623 13.206 -48.711 .812 21.299 -2.456
1? -19.623 13.223 -40.72 .017 21.274 -2.527
1? -19.823 13.230 -64.741 .821 21.2539 -2.396
t? -19.923 13.252 -68.755 .826 21.249 -2.269
1? -19.823 13.267 -40.?7 .830 21.230 -2.139
1? -19.023 13.282 -64.705 .835 21.215 -2.069
1? -19.023 13.297 -64.866 .039 21.200 -1.878
1? -19.023 13.311 -4.914 .644 21.106 -1.747
17 -19.823 13.324 -60.929 .040 21.171 -1.415
I? -19.623 13.344 -60.843 .853 21.157 -1.403
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TABLE A-VI (CONT)

RAY BETA THETAR(AY) HORNAL S ALPHA2 RHO 2

17 -19.623 13.355 -668.50 .057 21.142 -1.359
17 -19.623 13.369 -60.972 .862 21.129 -1.217
17 -19.823 13.3:4 -. 607 .66 21.113 -1.004
17 -19.023 13.364 -:6.?1 .6?! 21.99 -1.9
17 -19.623 13.412 -69.915 .675 21.005 -.016

17 -19.623 13.427 -68.930 .666 21.676 -.601
17 -19.623 13.441 -68.944 .84 21.056 -.545
17 -19.623 13.455 -66.956 .889 21.642 -.410
17 -19.623 13.469 -66.972 .693 21.028 -.274
1? -19.623 13.463 -68.966 .696 21.614 -. 137
17 -19.623 13.497 -49.666 .962 21.666 -.666

16 -21.704 9.938 -65.441 6.666 24.559 -21.704

1: -21.764 16.101 -65.684 .646 24.396 -21.055
16 -21.764 10.267 -65. 'a .695 24.236 -20.297
1 -21.784 16.436 -65.939 .143 24.061 -19.509
10 -21.764 1::696 -66.111 .190 23.609 -16.691
16 -21.764 16.782 -66.265 .230 23.715 -17.048
10 -21.764 16.96 -66.463 .205 23.537 -16.955
10 -21.704 11.146 -66.643 .333 23.357 -16.635

f16 -21.704 11.322 -66.625 .366 23.175 -15.677
10 -21.764 11• 56 -67.609 .426 22.991 -14.006
16 -21.764 11.692 -67,195 .475 22.085 -13.642
16 -21.764 11.67 -67.361 .523 22.619 -11.961
16 -21.704 12.66 -67.56, .576 22.431 -10.835
16 -21.764 12.253 -67.756 .616 22.244 -9.663
10 -21.764 12.439 -67.942 .665 22.65S -6.443
16 -21.764 12.625 -68.127 .713 21.673 -7.172
16 -21.764 12.667 -40.310 .760 21.690 -5.649
16 -21.764 12.967 490 .066 21.516 -4.472
16 -21.704 13. 163 -6.66 .855 21.334 -3.039
16 -21.764 13.333 -60.136 .963 21.164 -1.549
16 -21.764 13.333 -.69.36 .903 21.164 -1.549
1 -21.704 13.350 -60.853 .906 21.147 -1.397
10 -21.784 13.367 -60.669 .912 21.131 -1.244
16 -21.704 13.3$3 -66.046 .917 21.114 -1.090
1s -21.764 13.40 -68.903 .922 21.697 -.936
16 -21.704 13.416 -60.919 .927 21.061 -.742
1o -21.764 13.432 -60.935 .931 21.665 -.627
I -21.794 13.449 -60.952 .936 21.046 -.471
1 -21.704 13.465 -66. 944 .941 21.032 -. 314
10 -21.704 13.481 -68.904 .946 21.016 -.158
16 -21.704 13.401 -66.964 .946 21.016 -. 156
16 -21.764 13.403 -66.98, .946 21.014 -.142
16 -21.704 13.404 -66.90? .947 21.013 -. 126
16 -21.704 13.46 -60.909 .947 21.611 -. 110
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TABLE A-VI (CONT)

RAY DITA THETA(RAY) NORMAL S ALPHA2 RHO 2

1 -21.764 13.40? -68.996 .947 21.01 -.095
16 -21.764 13.469 -60.992 .940 21.0 -. 079
16 -21.7:4 13.491 -68.994 .940 21.004 -. 063
16 -21.?4 13.492 -60.995 .949 21.005 -. 047
16 -21.764 13.494 -66.997 .949 21.S03 -.032
16 -21.764 13.495 -68.990 .950 21.002 -.416
16 -21.764 13.495 -66.996 .950 21.002 -.616
i6 -21.764 13.496 -68.999 .950 21.661 -.014
£6 -21.784 13.496 -68.999 .956 21.61 -.613
16 -21.764 13.496 -66.999 .950 21.001 -.011
16 -21.704 13.496 -66.999 .956 21.001 -.009
16 -21.704 13.496 -66.999 .956 21.001 -.660
to -21.764 13.496 -66.999 .950 21.001 -. 064
10 -21.764 13.497 -69.060 .950 21.00 -.005
1 -21.784 13.497 -69.6 9 .950 21.006 -.063
16 -21.764 13.497 -69.606 .956 21.000 -.S02
1 -21.764 13.497 -69.666 .956 21.000 -.862
16 -21.764 13.497 -69.466 .956 21.000 -.001
1 0 -21.?*4 13.497 -69.eee .95 e 21.eee -.e4 lIs -21.784 13.497 -69.666 .956 21.000 -. 01
16 -21.764 13.497 -69.666 .956 21.400 -.661
1 -21.764 13.497 -69.666 .956 21.606 -.601
16 -21.764 13.497 -69.66 .950 21.606 -.601
16 -21.764 13.497 -69.0e .956 21.666 -.a61
16 -21.764 13.497 -69.66 .956 21.666 -.00
16 -21.764 13.497 -6.666O .950 21 .660 -.666
16 -21.764 13.497 -69.666 .956 21.006 -.606

19 -23.903 9.450 -64.953 6.see 25.04? -23.963
19 -23.903 9.626 -65.129 .656 24.071 -23.149
19 -23.963 9.807 -65.316 .166 24.690 -22.362
19 -23. 03 9.993 -65.494 .150 24.504 -21.541
19 -23. 903 16. 162 -65.465 .206 24.315 -20.694
19 -23. 03 16.376 -65.679 .256 24.121 -19.766
19 -23. 93 10.574 -46.077 .300 23.923 -16.651
19 -23.9"3 16.776 -66.279 .349 23.721 -17.672
19 -23. 03 10.901 -64.484 .399 23.516 -16.647
19 -23.903 11.196 -66.493 .449 23.367 -15.773
19 -23.903 11.462 -46.905 .499 23.095 -14.649
19 -23.903 11.616 -67.110 .549 22.602 -13.472
19 -23.903 11.031 -67.334 .599 22.646 -12.239
19 -23.903 12.047 -67.56 .649 22.456 -10.946
19 -23.903 12.264 -67.767 .699 22.233 -9.591
19 -23.903 12.460 -67.963 .749 22.017 -6.172
19 -23.903 12.693 -68.196 .?99 21.04 -6.604
19 -23.903 12.903 -68.406 .649 21.594 -5.126
19 -23.903 13.160 -64.611 .699 21.309 -3.494
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RAY BETA THETA(RAY) NORMAL s ALPHA2 RHO 2

19 -23.903 13.307 -68.891 .946 21.196 -1.7?6
19 -23.903 13.497 -69.066 .996 21.060 -. 996

26 -26.196 9.895 -64.390 0.868 25.602 -26.19029 -26.199 9.005 -64.388 .052 25.412 -25.42120 -26.199 9.290 -64.783 .195 25.217 -24.615

26 -26.190 9.481 -64.984 .157 25.016 -23.769
26 -26.199 9.686 -65.191 .209 24.609 -22.890
26 -26.190 9.962 -65.405 .262 24.595 -21.946
26 -26.196 16.121 -65.624 .314 24.376 -20.964
29 -26.190 10.346 -65.849 .366 24.151 -19.931
20 -26.196 16.574 -64.679 .419 23.921 -18.842
26 -26.196 16.012 -66.315 .471 23.695 -17.695
20 -26.199 11.052 -66.555 .523 23.445 -16.49
26 -24.196 11.297 -66.806 .576 23.20 -15.210
26 -26.190 11.545 -67.046 .628 22.952 -13.863
20 -26.196 11.796 -67.299 .690 22.701 -12.441
26 -26.196 12.649 -67.552 .732 22.446 -10.948
26 -26.190 12.361 -67. 04 .785 22.196 -9.354
20 -26.190 12.552 -68.855 .037 21.945 -7.679
20 -26.196 12.799 -68.302 .689 21.698 -5.916
20 -26.196 13.941 -68.544 .942 21.456 -4.043
20 -26.198 13.274 -68.777 .994 21.223 -2.375
26 -26.196 13.497 -69.000 1.446 21.000 -. 800

21 -28.661 .267 -63.776 0.066 26.238 -20.661
21 -26.661 8.447 -63.976 .055 26.630 -27.88
21 -20.661 8.674 -64.177 .109 25.823 -27.073
21 -28.61 8.896 -64.393 .164 25.67 -24.213
21 -29.441 9.113 -64.616 .219 25.364 -25.365
21 -29.641 9.345 -64.40 .274 25.152 -24.344
21 -28.661 9.585 -.6089 .320 24.912 -23.326
21 -21.641 9.833 -65.336 .383 24.64 -22.248
21 -26.641 16.090 -65.593 .438 24.407 -21.184
21 -20.6.1 10.355 -65.650 .493 24.142 -19.889
2t -20.441 10.427 -46.130 .547 23.80 -18.590
21 -29.641 10.904 -66.409 .602 23.591 -17.224
21 -28.441 11.192 -4g.495 .657 23.305 -15.762
21 -26.441 11.464 -6.967 .711 23.013 -14.204
21 -28.661 11.779 -67.202 .744 22.718 -12.543
21 -26. 1 12.076 -47.379 .021 22.421 -10.771
21 -26.41 12.373 -47.674 .874 22.124 -6.862
21 -20.641 12.467 -48.176 .930 21.836 -4.846
21 -26.441 12.954 -68.459 .965 21.541 -4.721
21 -26.441 13.234 -48.737 1.040 21.263 -2.433
21 -26.441 12.954 -60.459 .995 21.541 -4.721
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TABLE A-VI (CONT)

RAY BETA TMETA(RAY) NORMAL S ALPHR2 RHO 2

21 -20.661 12.904 -66.467 .990 21.513 -4.496
21 -26.661 13.012 -69.515 .996 21.495 -4.274
21 -26.661 13.640 -60.543 1.601 21.457 -4.049
21 -26.661 13.06 -66.571 1.607 21.429 -3.623
21 -20.661 13.696 -66.599 1.012 21.401 -3.595
21 -26.661 13.124 -68.627 1.616 21.373 -3.365
21 -26.661 13.151 -68.654 1.023 21.346 -3.134
21 -28.661 13.179 -68.602 1.629 21.318 -2.962
21 -26.661 13.266 -68.769 1.634 21.291 -2.668
21 -26.661 13.234 -66.73? 1.646 21.263 -2.433
21 -20.661 13.261 -66.764 1.045 21.236 -2.197
21 -26.661 13.26 -66.791 1.651 21.269 -1.958
21 -26.661 13.314 -60.81? 1.656 21.163 -1.719
21 -26.661 13.341 -66.844 1.062 21.156 -1.478
21 -26.661 13.367 -6.8670 1.667 21.136 -1.235
21 -26.661 13.394 -66.69? 1.673 21.163 -.991
21 -26.661 13.420 -66.923 1.676 21.0?7 -. 746
21 -29.661 13.446 -68.949 1.64 21.651 -.499
21 -26.661 13.471 -68.974 1.669 21.026 -.250
21 -26.661 13.471 -66.974 1.09 21.026 -.256
21 -26.661 13.474 -68.97? 1.690 21.023 -.225
21 -20.661 13.477 -66.960 1.696 21.620 -.266
21 -20.661 13.479 -66.962 1.691 21.616 -.175
21 -28.661 13.482 -66.965 1.691 21.15 -.1s6
21 -26.661 13.464 -66.967 1.092 21.613 -. 125
21 -26.661 13.467 -66.996 1.692 21.0 -.166
21 -20.661 13.469 -66.992 1.693 21.000 -.075
21 -26.661 13.492 -66.995 1.693 21.605 -.650
21 -26.661 13.494 -66.997 1.694 21.663 -.625
21 -29.661 13.497 -69.000 1.094 21.00 -.000
21 -26.661 13.494 -66.997 1.694 21.013 -.925
21 -26.661 13.495 -66.996 1.094 21.002 -.023

21 -26.661 13.495 -66.994 1.094 21.062 -.626
21 -26.661 13.495 -60.996 1.094 21.602 -. 1t
21 -26.661 13.496 -66.99 1.094 21.602 -.615
21 -29.661 13.496 -60.999 1.094 21.61 -.013
21 -20.641 13.496 -46.999 1.094 21.01 -.610
21 -2.661 13.4% -41.999 1.694 21.661 -.668

21 -29.461 13.497 -64.999 1.694 21.661 -.665
21 -20.661 13.497 -69.00 1.694 21.006 -.063
21 -2.661 13.497 -66.999 1.694 21.11 -. 65
21 -26.661 13.497 -49.666 1.694 21.600 -.605
21 -2.661 13.497 -69.611 1.694 21.666 -.So$
21 -20.641 13.497 -69.666 1.094 21.606 -.664
21 -26.661 13.497 -69.000 1.894 21.00 -. 04
21 -29.641 13.497 -69.666 1.694 21.66 -.604
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TAB~IE A-VI CCONT)

RAY BETA THETA(RRY) NORMAL S ALPHA2 RHO 2

21 -20.661 13.497 -69.600 1.694 21.00 -.064

21 -20.661 13.497 -69.900 1.994 21.000 -.003

21 -20.661 13.497 -69.00 1.094 21.000 -.003

21 -20.661 13.497 -69.660 1.094 21.06 -.003

21 -20.661 13.497 -69.666 1.694 21.000 -.603

21 -20.661 13.497 -69.000 1.694 21.00 -. 002

21 -20.661 13.497 -69.06 1.694 21.600 -. 002

21 -26.661 13.497 -69.000 1.694 21.660 -. 002

21 -20.661 13.497 -69.060 1.694 21.666 -.062

21 -26.661 13.497 -69.00 1.694 21.06 -.601

21 -20.661 13.497 -69.000 1.094 21.000 -. 001

21 -26.661 13.497 -69.000 1.094 21.00 -.061
21 -26.661 13.497 -69.600 1.094 21.09 -. 061

21 -2S.661 13.497 -69.6 1.094 21.666 -. 066

22 -31.326 7.556 -63.658 6.666 26.942 -31.326

22 -31.326 7.762 -63.265 .057 26.735 -30.564

22 -31.326 7.979 -63.462 .114 26.518 -29.756

22 -31.326 6.265 -63.760 .171 26.292 -26.898

22 -31.326 6.442 -63.945 .229 26.055 -27.985

22 -31.326 8.690 -64.193 .266 25.607 -27.012

22 -31.326 0.949 -64.452 .343 25.548 -25.974

22 -31.326 9.219 -64.722 .40 25.278 -24.066

22 -31.326 9.502 -65.05 .457 24.995 -23.660

22 -31.326 9.796 -65.299 .514 24.791 -22.419

22 -31.326 19.13 -65.606 .571 24.394 -21.646

22 -31.326 16.420 -65.923 .628 24.0?7 -19.562

22 -31.326 10.749 -66.252 .696 23.746 -16.005

22 -31.326 11.07 -66.590 .743 23.410 -16.300

22 -31.326 11.434 -66.937 .6O0 23.863 -14.477

22 -31.326 11.706 -67.289 .657 22.711 -12.501
22 -31.326 12.141 -67.644 .914 22.356 -10.367

22 -31.326 12.496 -67.999 .971 22.001 -6.063

22 -31.326 12.644 -6.347 1.026 21.653 -5.5?!
22 -31.326 13.100 -68.603 1.605 21.317 -2.891

22 -31.326 12.644 -60.34? 1.620 21.653 -5.575

22 -31.326 12.670 -46.301 1.034 21.619 .-5.315

22 -31.326 12.913 -60.415 1.640 21.585 -5.054
22 -31.326 12.947 -66.459 1.045 21.556 -4.791

22 -31.326 12.9" -64.4$3 1.011 21.517 -4.525

22 -31.326 13.014 -68.517 1.657 21.463 -4.250
22 -31.326 13.040 -66.551 1.063 21.449 -3.969
22 -31.326 13.61 -68.54 1.060 21.416 -3.717

22 -31.326 13.114 -60.617 1.674 21.363 -3.444

22 -31.326 13.147 -68.650 1.6O 21.350 -3.160

22 -31.326 13.100 -60.663 1.05 21.317 -2.891
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TABLE A-VI (CONT)

iA

RAY BETA THETA(RAY) HORMAL S ALPHA2 RHO 2

22 -31.326 13.213 -68.716 1.091 21.284 -2.611
22 -31.326 13.245 -68.748 1.09? 21.252 -2.330
22 -31.326 13.278 -68.781 1.103 21.219 -2.046
22 -31.326 13.310 -68.813 1.188 21.187 -1.760
22 -31.326 13.342 -68.645 1.114 21.155 -1.472
22 -31.326 13.373 -68.876 1.128 21.124 -1.182
22 -31.326 13.485 -68.968 1.125 21.892 -.898
22 -31.326 13.436 -68.939 1.131 21.061 -.595
22 -31.326 13.466 -68.969 1.137 21.931 -.299
22 -31.326 13.436 -68.939 1.131 21.061 -.595
22 -31.326 13.439 -68.942 1.132 21.058 -.566
22 -31.326 13.442 -68.945 1.132 21.055 -.536

22 -31.326 13.445 -68.948 1.133 21.852 -.506
22 -31.326 13.448 -68.951 1.133 21.049 -.477
22 -31.326 13.451 -68.954 1.134 21.846 -.447
22 -31.326 13.454 -68.957 1.135 21.843 -.418
22 -31.326 13.457 -68.960 1.135 21.048 -.388
22 -31.326 13.468 -68.963 1.136 21.037 -.358

22 -31.326 13.463 -68.966 1.136 21.834 -.328
22 -31.326 13.466 -68.969 1.137 21.831 -.299
22 -31.326 13.478 -68.973 1.137 21.027 -.269
22 -31.326 13.473 -68.976 1.138 21.824 -.239
22 -31.326 13.476 -68.979 1.139 21.821 -. 209
22 -31.326 13.479 -68.92 1.139 21.818 -. 179
22 -31.326 13.482 -68.985 1.148 21.015 -. 150
22 -31.326 13.485 -68.908 1.148 21.012 -. 18
22 -31.326 13.488 -66.991 1.141 21.889 -.090
22 -31.326 13.491 -68.994 1.141 21.06 -.060
22 -31.326 13.494 -68.99? 1.142 21.803 -.038
22 -31.326 13.491 -68.994 1.141 21.06 -.060
22 -31.326 13.491 -68.994 1.141 21.006 -.057
22 -31.326 13.492 -68.995 1.141 21.005 -.054
22 -31.326 13.492 -68.995 1.142 21.805 -.051
22 -31.326 13.492 -68.995 1.142 21.005 -.048
22 -31.326 13.492 -68.995 1.142 21.865 -. 945
22 -31.326 13.493 -68.996 1.142 21.004 -.042
22 -31.326 13.493 -68.996 1.142 21.664 -.039
22 -31.326 13.493 -66.996 1.142 21.664 -.036
22 -31.326 13.494 -68.99? 1.142 21.663 -.033
22 -31.326 13.494 -68.997 1.142 21.03 -. 638
22 -31.326 13.494 -66.997 1.142 21.803 -. 627
22 -31.326 13.495 -66.998 1.142 21.662 -.824
22 -31.326 13.495 -68.999 1.142 21.002 -.021
22 -31.326 13.495 -68.996 1.142 21.002 -.018
22 -31.326 13.496 -68.998 1.142 21.662 -.015
22 -31.326 13.496 -68.999 1.142 21.001 -. 912
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RAY RETA THETA(RAY) NORMAL S ALPHA2 RHO 2

22 -31.326 13.496 -68.999 1.142 21.01 -.009
22 -31.326 13.496 -69.999 1.142 21.601 -.006
22 -31.326 13.497 -69.666 t.142 21.0oe -.003
22 -31.326 13.496 -68.999 1.142 21.01 -.06
22 -31.326 13.496 -68.999 1.142 21.061 -. 06
22 -31.326 13.496 -66.999 1.142 21.01 -.965
22 -31.326 13.497 -66.999 1.142 21.091 -.995
22 -31.326 13.497 -69.006 1.142 21.606 -.603
22 -31.326 13.497 -69.000 1.142 21.666 -.894
22 -31.326 13.497 -69.00 1.142 21.000 -.004
22 -31.326 13.497 -69.000 1.142 21.666 -.064
22 -31.326 13.497 -69.06 1.142 21.000 -.664
22 -31.326 13.497 -69.600 1.142 21.006 -.663
22 -31.326 13.497 -69.666 1.142 21.00 -.063
22 -31.326 13.497 -69.060 1.142 21.666 -.063
22 -31.326 13.497 -69.606 1.142 21.666 -.002
22 -31.326 13.497 -69.000 1.142 21.666 -.062
22 -31.326 13.497 -69.666 1.142 21.666 -.062
22 -31.326 13.497 -69.066 1.142 21.66 -.6e
22 -31.326 13.497 -69.666 1.142 21.666 -. 01
22 -31.326 13.497 -69,066 1.142 21.660 -. 01
22 -31.326 13.497 -69.966 1.142 21.660 -.061
22 -31.326 13.497 -69.666 1.142 21.00 -.009

23 -34.196 6.753 -62.256 6.666 27.744 -34.198
23 -34.196 6.961 -62.464 .96 27.536 -33.465
23 -34.190 7.181 -62.664 .119 27.316 -32.663
23 -34.196 7.413 -62.916 .179 27.004 -31.946
23 -34.190 7.650 -63.161 .230 26.039 -30.949
23 -34.196 7.917 -63.426 .296 26.566 -29.986
23 -34.190 6.191 -63.694 .357 26.366 -28.951
23 -34.196 6.40 -63.993 .417 26.617 -27.635
23 -34.196 6.76 -64.269 .476 25.711 -26.629
23 -34.196 9.109 -64.612 .536 25.366 -25.323
23 -34.190 9.449 -64.952 .595 25.646 -23.907
23 -34.190 9.606 -65.309 .655 24.691 -22.367
23 -34.196 16.161 -65.664 .714 24.316 -26.60
23 -34.196 19.573 -66.076 .774 23.924 -16.655
23 -34.196 16.961 -66.404 .833 23.516 -16.650
23 -34.190 11.461 -66.904 .693 23.696 -14.653
23 -34.190 11.831 -67.333 .952 22.667 -12.242
23 -34.198 12.264 -67.767 1.012 22.233 -9.594
23 -34.196 12.693 -66.196 1.071 21.664 -6.666
23 -34.198 13.10 -66.611 1.131 21.369 -3.495
23 -34.190 13.497 -69.60 1.191 21.00 -.00
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RAY BETA THETA(RAY) NORMAL S ALPHA2 RHO 2

24 -37.265 5.852 -61.355 6.066 26.645 -37.285
24 -37.265 6.955 -61.556 .062 28.442 -36.663
24 -37.265 6.270 -61.' .124 26.227 -35.870
24 -37.265 4.506 -62.603 .166 27.997 -35.066
24 -37.265 6,745 -62.246 .246 27.752 -34.227
24 -37.205 7.667 -62.516 .316 27.496 -33.364
24 -37.265 7.267 -62.796 .372 27.216 -32.361
24 -37.265 7.567 -63.696 .434 26.916 -31.209
24 -37.205 7.909 -63.412 .495 26.566 -36.617
24 -37.285 8.254 -63.757 ,557 26.243 -26.716
24 -37.265 6.623 -64.126 .619 25.674 -27.274
24 -37.265 9,619 -64.522 .681 23.470 -25.696
24 -37.205 9.441 -64.944 .743 25.056 -23.937
24 -37.265 9.92 -65.395 .665 24.665 -21.990
24 -37.265 16.369 -65.072 .967 24.120 -19.620
24 -37.265 16.872 -66.375 .929 23.625 -17.395

24 -37 205 11.397 -66.960 .991 23.166 -14.676
24 -37.265 11.935 -67.436 1.053 22.562 -11.623
24 -37.265 12.4?? -67 .96 1.115 22.626 -6.16924 -37.285 13.45 -60.566 1.177 21.492 -4.329
24 -37.205 12.477 -67.906 1.115 22.026 -0.109
24 -37.265 12.531 -68.634 1.121 21.966 -7.623
24 -37.265 12.594 -66.07 1.127 21.913 -7.452
24 -37.295 12.636 -68.141 1.133 21.859 -7.677
24 -37.265 12.691 -66.194 1.146 21.8606 -6.696
24 -37.265 12.744 -66.247 1.146 21.753 -6.315
24 -37.265 12.797 -66.366 1.152 21.700 -5.927
24 -37.265 12.649 -66.352 1.156 21.640 -5.534
24 -37.265 12.962 -68.405 1.164 21.595 -5.137
24 -37.265 12.954 -66.457 1.176 21.543 -4.735
24 -37.265 13.005 -66.566 1.177 21.492 -4.329
24 -37.265 13.657 -66.559 1.163 21.441 -3.916
24 -37.265 13.107 -68.616 1.169 21.390 -3.502
24 -37.265 13.156 -66.661 1.195 21.339 -3.661
24 -37.265 13.200 -66.711 1.201 21.269 -2.656
24 -37.265 13.257 -66.766 1.20 21.240 -2.225
24 -37.265 13.366 -66.669 1.214 21.191 .-1.790
24 -37.265 13.355 -66.050 1.220 21.142 -t.358
24 -37.205 13.463 -66.966 1.226 21.094 -.965
24 -37.285 13.456 -66.953 1.232 21.647 -.455
24 -37.265 13.403 -68.966 1.226 21.694 -.965
24 -37.265 13.460 -66.911 1.227 21.609 -. 666
24 -37.265 13.412 -66.915 1.227 21.065 -.615
24 -37.265 13.417 -60.920 1.222 21.000 -.770
24 -37.265 13.422 -66.925 1.229 21.675 -.726
24 -37.205 13.427 -60.930 1.229 21.676 -.661
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24 -37.265 13.431 -68.934 1.230 21.666 -.636
24 -37.28 13.436 -66.939 1.231 21.061 -.590
24 -37.2:5 13.441 -68.944 1.231 21.056 -.545
24 -37.265 13.446 -68.949 1.232 21.051 -.506
24 -37.265 13.456 -68.953 1.232 21.47 -.455
24 -37.285 13.455 -68.958 1.233 21.842 -.410
24 -37.265 13.460 -66.963 1.234 21.037 -.364
24 -37.265 13.464 -66.967 1.234 21.633 -.319
24 -37.285 13.469 -68.972 1.235 21.026 -.274
24 -37.265 13.474 -66.977 1.236 21.023 -.226
24 -37.265 13.478 -68.961 1.236 21.619 -. 183
24 -37.265 13.483 -68.986 1.237 21.614 -. 137
24 -37.265 13.490 -66.991 1.237 21.909 -. 091
24 -37.265 13.492 -68.995 1.236 21.665 -.646
24 -37.265 13.492 -66.995 1.238 21.6O5 -.046
24 -37.265 13.493 -66.996 1.230 21.604 -. 041 3
24 -37.265 13.493 -68.996 1.238 21.064 -.037
24 -37.265 L3.494 -68.997 1.230 21.03 -.032
24 -37.285 13.494 -60.997 1.230 21.803 -.027
24 -37.205 13.495 -66.996 1.238 21.002 -.023
24 -37.265 13.495 -66.996 1.236 21.662 -.916
24 -37.265 13.496 -68.999 1.230 21.601 -.914
24 -37.265 13.496 -66.999 1.236 21.001 -.009
24 -37.265 13.497 -69.00 1.239 21.06 -.005
24 -37.265 13.497 -69.66 1.239 21.60 -. 605
24 -37.265 13,497 -69.60 1.239 21.660 -.004
24 -37.265 13.497 -6.000 1.239 21.666 -.664
24 -37.295 13.497 -69.600 1.239 21.600 -. 63
24 -37.295 13.497 -69.66o 1.239 21.600 -.003
24 -37.265 13.497 -69.66 1.239 21.666 -.002
24 -37.265 13.497 -69.000 1.239 21.000 -.002
24 -37.205 13.497 -69.0 1.239 21.060 -.001
24 -37.205 13.497 -69.000 1.239 21.o0 -.66t
24 -37.265 13.497 -69.6O 1.239 21.000 -. 06

25 -40.591 4.040 -40.351 6.00 29.649 -40.591
25 -40.59t 5.635 -60.538 .664 29.462 :39.906 6
25 -40.591 5.235 -60.730 .129 29.262 -39.332

25 -40.591 5.451 -60.954 .193 29.046 -39.621
25 -40.591 5.665 -61.167 .257 20.013 -37.846
25 -40.591 5.937 -61.440 .322 20.560 -37.600
25 -40.591 6.211 -61.714 .36 20.206 -36.072
25 -40.591 6.560 -62.011 .450 27.969 -35.651
25 -46.591 6.832 -62.335 .515 27.665 -33.921
25 -40.591 7.104 -62.409 .579 27.311 -32.666
25 -40.591 7.572 -63.675 .643 26.925 -31.266
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RAY BETA TNETA(RRY) NORMAL S ALPHA2 RHO 2

25 -48.591 7.995 -63.490 .708 26.502 -29.695
25 -40.591 8.458 -63.961 .772 26.639 -27.923
25 -40.591 8.964 -64.467 .836 25.533 -25.913
25 -40.591 9.516 -65.619 .901 24.901 -23.620
25 -40.591 10.115 -65.610 .965 24.302 -20.900
25 -40.591 10.760 -66.263 1.029 23.737 -17.952
25 -40.591 11.442 -66.943 1.094 23.055 -14.430
25 -40.591 12.147 -67.650 1.158 22.350 -10.331
25 -40.591 12.847 -66.350 1.222 21.650 -5.554
25 -40.591 13.497 -69•000 1.297 21.000 -. 600
25 -40.591 12.847 -60.350 1.222 21.650 -5.554
25 -48.591 12.915 -60.414 1.229 21.502 -5.035
25 -40.591 12.903 -60.400 1.235 21.514 -4.50
25 -40.591 13.050 -60.553 1.242 21.447 -3.973
25 -40.591 13.116 -60.619 1.240 21.301 -3.430
25 -46.591 13.182 -60.605 1.254 21.315 -2.079
25 -40.591 13.247 -68.750 1.261 21.250 -2.320
25 -40.591 13.311 -60.014 1.267 21.106 -1.753
25 -40.591 13.374 -8.877 1.274 21.123 -1.177
25 -46.591 13.436 -60.939 1.280 21.061 -.593
25 -40.591 13.497 -69.o06 1.207 21.00 -.000
25 -40.591 13.436 -60.939 1.200 21.061 -.593
25 -40.591 13.442 -60.945 1.201 21.055 -.534
25 -40.591 13.448 -66.951 1.202 21.049 -. 475
25 -40.591 13.454 -60.957 1.282 21.043 -.416
25 -40.591 13.460 -60.943 1.203 21.637 -.357
25 -40.591 t3.467 -68.970 1.283 21.030 -.297
25 -40.591 13.473 -60.976 1.204 21.024 -.238
25 -40.591 13.479 -60.902 1.25 21.010 -. 179
25 -40.591 13.405 -60.900 1.205 21.012 -. 119 I
25 -40.591 13.491 -60.994 1.206 21.006 -.060
25 -40.591 13.491 -60.994 1.286 21.09 -.060
25 -40.591 13.492 -60.995 1.206 21.005 -.054
25 -40.591 13.492 -60.995 1.26 21.005 -.940
25 -40.591 13.493 -68.994 1.204 21.04 -.042
23 -40.591 13.493 -60.996 1.206 21.004 -.036
25 -46.591 13.494 -66.997 1.246 21.003 -. 30 
25 -40.591 13.495 -60.990 1.206 21.002 -.024
25 -40.591 13.415 -66.998 1.206 21.002 -. 10
25 -40.91 13.496 -68.9$9 1.207 21.001 -.012
25 -40.591 13.496 -60.999 1.207 21.061 -.06
25 -40.591 13.497 -69.00 1.207 21.000 -. 609
25 -40.591 13.496 -60.999 1.207 21.001 -.006
25 -40.591 13.4% -60.999 1.207 21.001 -.005
2! -40.591 13.497 -69.00 1.207 21.000 -. 005
25 -40.591 13.497 -69.000 1.207 21.0" -.004
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':g I
TABLE A-VI (CONT)

RAY BETA THETA(RRY) NORMAL S ALPHA2 RHO 2

2! -40.591 13.497 -69.609 1.267 21.660 -. 04
25 :46.591 13.49? -69.666 1.297 21.666 -.003
25 -43.591 13.497 -69.666 1.267 21.600 -.002
25 -46.591 13.497 -69.00 1.267 21.60 -.662
25 -40.591 13.497 -69.00 1.267 21.00 -.801
25 -40.591 13.497 -69.60 1.207 21.660 -.901
25 -46.591 13,497 -69.000 1.267 21.060 -.966

26 -44.116 3.746 -55.243 6.66O0 36.757 -44.118
24 -44,116 3.699 -59.402 .67 30.596 -43.620
24 -44.119 4.971 -59.574 .133 36.426 -43.076
26 -44.116 4.259 -59.762 .206 30.238 -42.402
26 -44.118 4.463 -59.966 .267 30.34 -41.29 h
2' -,44 11: 4.66 -,46.191 .334 29.009 -41.109

-44.116 4.935 -16.436 .400 29.562 -40.310
-44.116 5.266 -60.711 .467 29.209 -39.428
-44.116 5,511 -61.614 .534 269:96 -30.423

2 4 -:4.116 5,646 -41.351 .681 264 -37.296

2 ... 116 6.22: -41,729 .667 26.271 -36.621
24 -44.11 6•.656 -42,153 .734 27.647 -34.559
26 -44.110 7.126 -62.631 .061 27.369 -32.673
24 -44.116 7.669 -63.172 .e64 26.020 -39.909
24 -44.116 6.283 -63.76 .934 26.214 -20.600
26 -44.11 6.976 -64.401 1.041 25.519 -25.036
26 -44.116 9.763 -65.246 1.968 24.734 -22.5
26 -44 .11 10630 - ,66 141 1.134 23.59 -10.544
26 -44.110 11.596 -67,092 1.261 22.906 -13.616
26 -44.110 12.574 -40.077 1.260 21.923 -7.527
24 -44.116 11.596 -47.092 1.261 22. 0 -13.610
24 -44 .11 11.60 -67.191 1.206 22.009 -13.044
24 -44.110 11.76 - .67.209 1.213 22.711 -12.561
24 -44.116 11.64 -67.367 1.221 22.613 -11.925
24 -44.118 11.903 -67.406 1.229 22.514 -11.336
24 -44.116 12.6S2 -7.565 1.235 22.415 -10.735
24 -4411s 12.161 -67. 4 1.241 22.316 -16.120
24 -44110 12.279 -67.702 1.240 22.216 -9.492
26 -44.110 12.376 - 7.001 1.255 22.119.-51
26 -44.110 12.476 -47.979 1.261 22.021 -. 194
24 -44.116 12.574 -46.8?? 1.260 21.923 -7.527
24 -44.11S 12.671 -460.174 1.275 21.824 -4.043
26 -44.110 12.767 -48.270 1.201 21.736 -4.145
24 -44.110 12.63 -4.344 1.260 21.34 -5.431
24 -44.116 12.950 -48.441 1.29 21.339 -4.763
24 -44.110 13.051 -6.554 1.301 21.444 -3.959
26 -44.118 13.144 -46.647 1.306 21.353 -3.109
24 -44.110 13.235 -40.730 1.315 21.242 -2.424
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TABLE A-VI (CONT)

:

RAY 3Ear THETR(RRY) NORMAL S RLPNA2 *140 2

26 -44.11 13.324 -68.827 1.321 21.173 -1.632

26 -44.116 13.411 -68.114 1.320 21.906 -.824

26 -44.110 13.324 -66.627 1.321 21.173 -1.632
26 -44.119 13.333 -6.036 1.322 21.164 -1.552
26 -44.116 13.342 -66.945 1.323 21.155 -1.47?
26 -44.119 13.350 -66.53 1.323 21.147 -1.392
26 -44.116 13.359 -66.62 1.324 21.138 -1.31
26 -44.116 13.360 -6.671 1.325 21.129 -1.236
26 -44.116 13.377 -66.900 1.325 21.120 -1.149
26 -44.116 13.365 -46.606 1.326 21.112 -1.066

26 -44. 110 13.394 -68.297 1.327 21.163 -.907
26 -44.116 13.493 -66.906 1.327 21.094 -.966
26 -44.116 13.411 -69.914 1.326 21.006 -.024
26 -44.116 13.426 -68.923 1.329 21.077 -.743
26 -44.116 13.429 -60.932 1.329 21.068 -.661
26 -44.118 13.437 -6.940 1.330 21.966 -.579
26 -44.116 13.446 -66.949 1.331 21.051 -.497
26 -44.116 13.455 -66.957 1.331 21.043 -.414
26 -44.118 13.463 -66.966 1.332 21.034 -.332
26 -44.116 13.472 -66.975 1.333 21.025 -.249
26 -44.116 13.406 -69.903. 1.333 21.017 -. 166
26 -44.110 13.469 -68.992 1.334 21.006 -.603
26 -44.118 13.409 -66.963 1.333 21.017 -. 166
26 -44.116 13.401 -66.964 1.333 21.016 -. 153
26 -44.116 13.462 -60.965 1.333 21.615 -. 150
26 -44.118 13.403 -66.966 1.334 21.914 -. 141
26 -44.110 13.403 -6.966 1.334 21.014 -. 133

26 -4$.116 13.404 -6.967 1.334 21.013 -. 125
26 -44.110 13.405 -60.900 1.334 21.012 -. 116
26 -44.116 13.466 -6.969 1.334 21.011 -.100
26 -44.110 13.407 -60.996 1.334 21.019 -.100
26 -44.110 13.400 -66.991 1.334 21.09 -.091
26 -44.110 13.469 -6. 992 1.334 21.60s -.003
26 -44.116 13.469 -68.992 1.334 21.666 -.079
26 -44.118 13.4" -60.993 1.334 21.607 -. 047
26 -44.110 13.491 -60.994 1.334 21.606 -.650

26 -44.110 13.492 -68.995 1.334 21.605 -.653 0
26 -44.110 13.493 -60.996 1.334 21.004 -.642 3
26 -44.110 13.494 -68.997 1.334 21.003 -.033
26 -44.118 13.495 -6O.997 1.334 21.603 -.025
26 -44.118 13.493 -60.996 1.335 21.602 -.017
26 -44.110 13.496 -40.999 1.335 21.001 -.000
26 -44.116 13.4% -68.999 1.335 21.061 -.000
26 -44.116 13.496 -46.999 1.335 21.001 -.067
26 -44.116 13.496 -66.999 1.335 21.01 -.607
26 -44.110 13.494 -66.999 1.335 21.601 -.606
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TABLE A-VI (CONT)

I

any IETR THETA(RAY) NORMIAL S ALPFA2 RHO 2

26 -44.118 13.497 -60.999 1.335 21.061 -.005
26 -44.118 13.497 -49.606 1.335 21.006 -.04
26 -44.118 13.497 -69.606 1.335 21.000 -.003
26 -44.118 13.497 -69.080 1.335 21.006 -.002
26 -44.110 13.497 -69.806 1.335 21.000 -.002
26 -44.116 13.497 -49.66 1.335 21.006 -.601

I
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TABLE A-VII

COORDINATE (X,Y) VALUES, S, ALPHA2 AND RH02
FOR THE FINAL DESIGN* OF SURFACE NUMBER 1 IN
FIGURE 20

begin Next Xsurf Ysurf 3 AlphaZ RHO 2

RAY RAY (next) (next) (next) (next) (next)

1 1 .362 .060 .133 21.096 -.06o
1 2 .465 .04o 133 21.666 -.642
1 3 ,560 .079 .133 21.139 -1.324
1 4 .671 .119 .133 21.226 -2.050
1 5 .774 .159 133 21.309 -2.824
1 6 .877 .19 .132 21.40 -3.650
1 ? .96s .239 .131 21.516 -4.534
1 t 1.002.26 .136 21.646 -5.400
1 9 .185 .321 .129 21.77 -6.496
1 16 1.267 .361 .127 21.932 -7.589
1 11 1.369 .403 .126 22.166 -9.765
1 12 1.491 .444 .123 22.303 -10.935
1 13 1.593 .406 .121 22.526 -11.407
1 14 1.694 .526 .110 22.779 -12.892
I 15 1.796 .570 .114 23.048 -14.563
1 16 1.696 .613 116 23.399 -16.251
1 17 1.997 .657 .165 23.776 -16.156
I 16 2.097 .701 .106 24.213 -26.215
1 19 2.197 .746 .09A 24.712 -22.469
1 20 2.296 .791 .006 25.286 -24.899
1 21 2.394 .630 .676 25.943 -27.545

1 22 2.492 .665 .066 26.693 -36.468
1 23 2.589 .934 .057 27.543 -33.492
1 24 2.605 .964 .645 26.506 -36.797
1 25 2.700 1.635 .030 29.563 -46.313
1 26 2.673 1.069 .414 36.725 -44.019

127

4



TABLE A-VIII

COORDINATE VALUES (X,Y) FOR THE RAY DIAGmI IN FIGURE 22

ia

RAY XO Ye XI YI X2 Y2 Xc Yc 14 Y4

I a .110 .29? .119 .362 .00o 4.009 e.8 50.0o -. 90

2 .IS* .390 .156 .465 .646 4.000 6.6 50.66 -.52

3 a .169 .493 .109 .560 .079 4.000 0.0 56.00 -1.06
4 0 .229 .594 .229 .6?1 .119 4.009 e.0 5e.ee -1.65 1

5 0 .260 .699 .268 .774 .159 4.009 9.0 5e.00 -2.27

6 6 .3ee .842 .300 .877 .199 4.900 9.0 $0.00 -2.93

7 6 .346 .966 .346 .966 .239 4.099 6.6 50.00 -3.65

s 6 .307 1.669 .307 1.02 .200 4.06 6.6 56.66 -4.41

9 6 .427 1.112 .427 1.105 .321 4.06 6.6 56.6* -5.24

1 0 .466 1.215 .466 1.297 .361 4.606 6.6 56.6 -6.13

11 6 .506 1.319 .566 1.369 .403 4.00 6.6 56.66 -7.69

12 6 .546 1.421 .546 1.491 .444 4.000 e.8 56.0 -6.14

13 6 .56. 1.524 .565 1.593 .486 4.000 6.6 56.66 -9.26

14 6 .625 1.628 .625 1.694 .526 4.006 6.6 56.66 -10.53

15 6 .664 1.731 .664 1.796 .576 4.000 6.6 56.66 -11.99

1 a .764 1.834 .764 1.896 .613 4.666 6.6 56.00 -13.41

17 6 .744 1.937 .744 1.997 .657 4.00 6.6 50.80 -15.09

1 6 .763 2.640 .763 2.697 .701 4.000 6.6 56.06 -16.94

19 6 .623 2.143 .623 2.197 .746 4.0060 6. 50.00 -19.02

20 0 .962 2.24? .062 2.296 .791 4.00 6.6 50.60 -21.35

21 6 .902 2.350 .902 2.394 .838 4.600 0.6 50.06 -23.99

22 6 .942 2.453 .942 2.492 .665 4.000 6.6 56.66 -27.06

23 6 .961 2.556 .981 2.569 .934 4.00 6.6 50.0 -36.44

24 0 1.021 2.659 1.021 2.605 .964 4.00 6.6 56.66 -34.41

25 6 1.060 2.762 1.060 2.766 1.035 4.00 6.6 56.66 -39.03

26 6 1.10 2.966 1.106 2.873 1.069 4.006 6.6 56.00 -44.45

1
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CHART PROGRAM LISTING

40 PRINT 44*0 0 4
0PRIT .0

a6 PRI THI 1HRHART

70 WAIT 2506
66 ain:OPTION DRIE 0

its CON INTEGEHR I,Y~loo,NryHryhatNryaalNastf
166 COM NEE Nre$Po%,aytrac,Cretvn,Madra,FcNs,NbetaFla
136

166 CON INTEGER Line count,Linemax,Hincrm~nt,Nittotal,Pstlect,HPlb
I9a CON INTEGER FalY,Surf no

2I6 CON4 REAL Theta-critica,Tol,NI,N2N3,Dltaray,Y0,'a,Yb,p.-ture26
226 COlt Y ,bul let, Soax faai ly,Peprcent image
230 CON X1(251),Y1(251),Xc(251),X2(251),Y2(251),X2makx(251),Y2max(251)
246 CON Y3(251),Y4C251),Desa(251),S2(2S1),Xsurfmax(251),Ysurfmax(251)
256

*266 CON Qa(251),Smax(2SI ),Alpha2(251),Rho2(251) ,Hit(2001)
276
260 MaIn~s"Y I SET CONDITION
216 DISP
306 PRINTER is 16
316 NORMAL
326 FIXED 2
336 PRINT PAGE
346 OVERLAP
356 Ys*O*
366 INPUT *SERIAL OR OVERLAP FOR 1/0 PROCESSING CDEFRULT.OVERLAP) 1' SI',v'5
376 IF (YSw*S*) OR (Y~w's") THEN SERIAL
360 CALL Dialogue
396 DIG
466 PRINT PAGE,- When entering values for Smax in CHART please enter nasa
nab le"
416 PRINT "values. This is required because the horizontal axis for CHART is
di vided"
420 PRINT "into 16 Intervals. The program takes your entry for Smax"
436 PRINT "and divides by 16 to determtine the tick spacing. The vertical
446 PRINT %tick marks are under program control, enter anything you wish."
411 PRINT LIH(2),-PRESS CONT-
466 PAUSE
476 PRINT PAGE
460 Gymnastics: Y hardSm"

490 INiPUT -DO TOU WANT A HARD COPY OF THE COMPUTED DATA? Y'H",Y ha
rdS
500 GOIWO Yhard
$is CALL Header
520 GOSUD Printer
530 CALL Header end
546 PRINT LtH(2)
55s Mainsa" ! REIET CONDITION
gas Header: DISP *WORKING ... "

570 Initialize run: Flagmoi I RESET CONDITION
see YG-minsYae(Talpha-Trhoi 'Talpha
596 Ygaa %xnYb*(Talpha-rrhai, )'Tapha
s6e Xnray-Mray IAVOIDS NIXED NODE ARITHMETIC

616 Dely(YO max-YG min)/Xnray
620 fgs Yl min-Dely
636 . F Y&*G THIEN Y6-minuYOmint Dely
44 Hray*HrayAd#_ray
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' 656 NsuO !COUNTER FOR THE (X,Y) ARRAY
666 NcuO

676 XI(Ns)-O
666 Y1(NS)-6696 Ieta(6)-S

766 Ye-loop: FOR YS loopal TO Hray COMPUTE THE INTERCEPT OF THE INCIDENT
716 AND THE FIRST SURFACE
726 Xyoloop-YOloop AVOIDS MIXED MODE ARITHMETIC
736 Flagus 1 RESET FLAG
746 XEo
759 RhoaRho inhtial
766 Trho.TA (Rho)
776 YaY9_sin#De)y*Xy0_loop

790 Y1(Ns)-Y

666 One: CALL Xlpos(X,Y)
616 X1<Ns)=X
620 Next y@ loop: NEXT YO loop
636 INPUT "ARE YOU USING THE CRT (C) OR THE 9872A PLOTTER (P) C C/
P. Plot$
046 IF (Plotn"C") OR (PlotS'c"€) THEN Chart

656 INPUT "PLEASE ENTER THE SELECT CODE OF THE GRAPHICS DEVICE kDE
FAULT a 7 ).',Pselect
066 INPUT "PLEASE ENTER THE HPID ADDRESS OF THE GRAPHICS DEVICE (D
EFAULT * S ).",Hpib

676 Chart: CALL Chart
666 GOSUB Yhard end
M96 PRINT LIH(2T,"PRESS CONT"

966 PAUSE
9I6 PRINT
926 PRINT PAGE,- If the scale you have chosen did not allow the compute
r

m

930 PRINT "to number all of the curves you may do so manually by
940 PRINT "answering yes (Y) to the next prompt.-
956 PRINT LIN(i)," If your answere is yes, the graphics display of the

966 PRINT "plot will come on and a cursor will be in the lower left"
970 PRINT "corner. Position the cursor by using the DISPLAY"
990 PRINT "controls. The letter or number will be drawn with its
996 PRINT "left side over the center of the cursor. You MUST SE

I 11* PRINT "because mistakes are difficult, if not impossible to erase"
lo6 PRINT "(consult the graphics ro manual (page 91) to erase a letter).

1626 PRINT LIN(2)," When you have completed all of your lettering,"
1030 PRINT "PRESS CONT."
1040 PRINT LIN(2),'PRESS CONT"
1656 PAUSE
1040 PRINT PAGE
1070 Y~m"N*
1ls INPUT "DO YOU WANT TO NUMBER ANY OF THE CURVES ? Y/'N",YS
1690 IF (Y60'Y") OR (YSm'y") THEN CSIZE 2.5
1160 If (Yga"Y") OR (YSmuy") THEN LETTER
1116 IF (YsU"") OR (YSw.y") THEN CSIZE 15/4.54
1126 IF (Y$8"Y") OR (Ysm"y") THEN EXIT GRAPHICS
1130 DumpcrtS"MN"
1140 INPUT "DO YOU WANT A HARD COPY OF THE PLOT * Y/N",Dump-crtS
1156 IF (Dump crtS'Y") OR (Dumpcrt86*y") THEN GOSUB Printer
i1e Flaqse I RESET CONDITION

1it INPUT "DO YOU WANT ANOTHER PLOT DRAWN TO A DIFFERENT SCALE ? Y/N",YS
119 IF (Ylu"Y*) OR (Ysuty*) THEN Chart
1206 Rerun: PRINTER IS 1

1210 PRINT PAGE
1226 Y~s.N"
1230 • INPUT "ARE YOU GOING TO MAKE ANY MOPE RUNS' Y'H",YS
1240 IF (Yom"N") OR kYSm"n') THEN Family-

0
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I

ci 1250 Rerun2: ChangeSs"N"
1246 INPUT "ARE YOU GOING TO CHANGE ANY PARAMETERS (n2,n3,Alph&,Hray, OR

RHO-INITIAL)? Y/N',Ch'ge$
1270 IF (ChangeSu"N") OR (ChangeSs"n") THEN Gymnastics

1296 GOSUB Printer,
1296 INPUT "WHAT IS THE NEW VALUE OF RHO-INITIAL ?",Rho initial

1366 Rho initi&al-l*ABS(Rho initi&l)
1316 TrhoitTAN(Rho initial)
1320 INPUT "WHAT IS THE NEW VALUE OF ALPNA?",Alph&

1330 TatiphaTAN(Alpha)
1340 N2: INPUT "WHAT IS THE HEW VALUE OF n2?",N2

1350 INPUT "WHAT IS THE NEW VALUE OF n3?",N3

1369 IF N3>N2 THEN DEEP

1376 IF N3)N2 THEN DISP "n3 MUST BE < n2, PLEASE RE-ENTER THE VALUES

1386 IF N3>N2 THEN WAIT 230

1396 IF M3>N2 THEN N2
140 IF N3(N2 THEN Theta crftic&lASN(N3/N2)

1418 Ya: INPUT "WHAT IS THE HEW VALUE OF 'ea (INCHES) ?'",Ya

1420 INPUT "WHAT IS THE HEW VALUE OF Yb (INCHES) ?-,Yb

1436 IF Ya)aYb THEN BEEP
1446 IF Ya>.Yb THEN DISP "Ya MUST BE < Yb; PLEASE RE-ENTER THE VALUE
S.
1459 IF Y&a>Yb THEN WAIT 2500

1468 IF Ya)-Yb THEN Y&

1470 RpertureaYb-Ya
1460 YbulIat:INPUT "WHAT IS THE HEW VALUE OF Y bullet ( MUST BE > Yb ) ?",Ybu

let

1490 IF Y bullet(Yb THEN BEEP

1S@ IF Y bullet<Yb THEN DISP "Y bullet MUST BE > Yb : PLEASE RE-ENT

ER Y-buller."
1516 IF Y bullet<Yb THEN WAIT 2566

1526 IF Y bullet<Yb THEN Y-bullet

1530 INPUT "WHAT IS THE NEW VALUE OF THE No. OF RAYS ?'",Hray

1540 INPUT "WHAT IS THE NEW VALUE OF FOCUS (INCHES) ?',F

1556 GOTO Gymnastics
1540 Family: F&allyS*=N"

WO70 PRINTER IS 16
158 INPUT "DO YOU WANT TO DRAW A FAMILY OF SURFACES FROM THE DESIGN CHA

MT ? Y/HFafilyS

159 IF (FmmilyS."H") OR (Fa ilySa"n*) THEN Finished

10e Faa)1: PRINT PAGE," Xaax is the maximum length along the GLM axis which y

II1 PRINT "want to be displayed."
1920 PRINT " A rule of theumb is to add one inch to the focal length."

1430 PRINT "For example: if the Focal length is 4 Inches, key in S and"
1644 PRINT "PRESS CONT."

1450 PRINT LIH(2),-PRESS CONT"

1476 Y hardSumN"
160 ZPUT "DO YOU WANT A HARD COPY OF THE COMPUTED DATA ? Y/H',Yhard$

if" IF (Y h&rdSn*Y") OR (Y hlrd*=1y*
) 

THEN GOSUD Yhard

I1,0 CALL amt 11 y
M71e GOSUB Yhard end 4

1720 Dump crt,."N"
1730 INPUT "DO YOU WANT A HARD COPY OF THE PLOT ? Y/H",Duop_crts

1740 IF (IumpcrtSu"Y") OR (Dumpcrt$S"") THEN GOSUB Printer
175 Y.M*N"
1760 INPUT "DO YOU WANT TO DRAW THE PLOT USING A DIFFERENT SCALE ? Y/H',

YS

1770 IF (ySe'Y") OR (YlsU"y) THEN FasI

tree M&Ilnls"Y1 SET CONDITION

17M Y hardoe"N
106" iPUT -D0 YOU WANT A HARD COPY OF OASaaxAlpha2 and Rho2 ? YeN",Y
hard$

1l1 GOSUI Yhard

020 CL Header
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130 FOR 1.1 TO Hray
1:40 IF Line count>Line m&x THEN CALL Header
lIes PRINT USING 1871;1,Qa(I),Smax(l),Alph&2(I),Rho2(I)
1M66 Line countaLine count I
1670 IMAGE 14X,DDD,45SX,DDD.DDD)
10 NEXT I
1890 CALL Header end
S190 GOSUD Yhard end
1916 PRINT LIHN(O),-PRESS CONT"
1920 Matnl-."N" I RESET CONDITION
1930 PAUSE
1940 Stuff: PRINTER IS 16
19s PRINT PAGE,4 Please study the display and choose the surfate"
1960 PRINT "which you want to use to generate a final surface."
1970 PRINT " When you have decided which surface to useq PRESS CONT"
1966 PRINT LIN()," Key in the number of the surface you want to use"
1990 PRINT "in response to the prompt.'
20 PRINT LIN(I), The computer will then determine the aperture of
2016 PRINT "the surface and trace 250 rays through the aperture."
2620 PRINT LIN(l)," When you are ready to proceed PRESS CONT."
2030 PAUSE
2046 GRAPHICS I IF A NOTE TO OPERATOR IS DESIRED, THEN ENTER SETGU,
2050 WAIT 2508 ! LORG 2, MOVE 2,2 ,CSIZE 2.5 ,LABEL "PRESS CONT WHEN
2060 DEEP I READY" ,SETGU CSIZE 15/4.54 AFTER THE SECOND DEEP
2976 WAIT 250
2000 DEEP
2690 PAUSE
2100 EXIT GRAPHICS
2110 INPUT "WNHICH SURFACE (1,2,3,etc.) ?',Family
2120 Famiiy.INT(Famlly)
2136 IF Family<me THEN FamilysI
2140 IF Fam~ly>Hr&y family THEN FaailyuNry f&mily
2150 DISP "WORKING .
2160 Re stuff: CALL Stuff
2170 GOSUB Yhard end
210@ Dump crt*-N"
2190 INPUT "DO YOU WANT A HARD COPY OF THE PLOT ? Y/N'HDumpcrts
2200 IF (Dump crt$l"Y*) OR (Dump_crtS-*y") THEN GOSUD Printer
2210 Flagui l RESET CONDITION
2226 Redraw$."N"
2230 INPUT "DO YOU WANT ANOTHER PLOT DRAWN TO A DIFFERENT SCALE ? Y/H",Re
draw$
2246 IF (RedraM$."Y") OR (Redr&$a"1y) THEN Re stuff
2250 Stufftrace: YSm"N-
2260 INPUT "DO YOU WANT TO TRACE RAYS THROUGH THE COMPUTED SURFACE ?
Y-N",Y$

2270 IF (Y~muN") OR (YSoln") THEN Rerun3
2200 DISP "WORKIN' ON THE RAY TRACE DATA..."
2290 FOR Ye1OOp TO NrayStuff
2306 Sure no83
2316 Rho2;Rho2(Yl loop)
2320 X-X2(YOloop)
2330 Y=Y2(Yl loop)
2340 CALL iinary search(X,Y)
2350 Y3(Yo loop)uY
2340 X823
2370 Surf no&4
2300 CALL Blnaryseiach(X,Y)
23"6 Y4(Y_ Ioop)sY
2400 NEXT Yf loop
2416 NraytracemHray-stuff
2420 Rav_%ragel-"Y"
2430 3EP
2440 Ysm"N"
2450 INPUT "DO YOU WANT A HAR COPY OF THE RAY TRACE DATA ? Y/N*,Y ha
rds
2460 GOSUD Yhard
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~~247i CALL Hae

249: Stuff tr4cet:FOR I11TO Nray stuff
2496 IF Linecount>Line m&x.THEN CALL Header
259 PRINT USING 2510;I,8,YI(I),XIU(),Y(l),X2(1>,Y2(1),Xc(I),,Z4,
Y4(I)
2516 IMAGE DDD,2X,D,3(2X,DD.DDD,3X,DD.DDD),2X,D.D,3X,DD.DD,3X,4D.2D
2520 Linecount.Linecount#l
2536 NEXT I
2546 CALL Header end
2sse GOSUR Yhard end
2560 PRINT LIN(2), PRESS CONT-

2576 DEEP
2566 PAUSE
259 Rt graph: CALL Graph
2666 Redrawg.'N"
2616 INPUT "DO YOU WANT ANOTHER PLOT DRAWN TO A DIFFERENT SCALE 7 Y/N",Re
draw$
2626 IF (Redraws*Y") OR (Redr&wSI"y") THEN Re graph
2636 Density: PRINTER IS 16
2646 PRINT PAGE," The point of maximum ray density is determined by yo
u vlsually."
2658 PRINT "by placing the cross-hairs (they will appear automatically)

2660 PRINT "over the position of maximum ray density."
2676 PRINT " This is accomplished by using the DISPLAY controls (up,doun,(-,->).,

2666 PRINT "When you the get cursor in the area of interest, use the S
HIFT button"
2696 PRINT "with the DISPLAY controls (both the shift button and disp
lay control"
2766 PRINT "should be depressed simultaneously) for fine posltioing."
2716 PRINT LIN(2)," The position of the vertical hair is critical,"
2726 PRINT *because its location Is used for the position of the
2736 PRINT "Image plane (M3) on the GLM axis."
2746 PRINT LIN(2),-CAUTION : Do not let the image plane intercept any
rays"

2796 PRINT in the interior of the lens. If this is done, those rays"
2766 PRINT wiall be inluded in the histogram."
2776 PRINT LIN(2),"PRESS CONT"
2766 PAUSE
2796 PRINT PAGE," The histogram is an illustration of the density"
2660 PRINT "o*f the rays that intercept the image plane versus radial
2616 PRINT "distance from the GLM axis."
2026 PRINT LIN(2),' When the position has been located, PRESS CONT."
2636 PRINT LIN(2),"PRESS CONT"
2640 PAUSE
2650 OgttlZesu"Y"
2866 CALL Graph
2676 IF Plotsi"P" THEN Dense ! P FOR HP-9672 PLOTTER
2666 Dump crts.N"
2896 INPUT "DO YOU WANT A HARD COPY OF THE PLOT 7 Y/N",Duopcrts
29" IF (Dumpcrt"m1Y*) OR (Dump crt$I"y*) THEN GOSUS Printer
2916 PRINT PAGE
2920 DISP "WORKIN" ON THE HISTOGRAM...'
2930 Dens*: CALL Density I PRODUSE A HISTOGRAM OF THE RAY DENSITY
2946 IF PlotSm'Pl THEN Denser
2956 Dtgtize$su"" I RESET CONDITION
2960 INPUT "DO YOU WANT A HARD COPY OF HISTOGRAM ? Y/N",DumpcrtS
2976 IF (Dump-crts$IY") OR (Dump crtS"y") THEN GOSUS Printer
2900 Denser: Ysm"H"

2990 INPUT "DO YOU WANT TO REDRAW THE HISTOGRAM FOP A DIFFERENT IMAGE P
LANE 1 Y/N",Ys
3666 IF (YIu*Y") OR (YSm"y") THEN Flag e
3616 IF (YSU"Y") OR (YSm"y*) THEN Re graph

3626 Ratrace$=,"*
3636 Rerun3: YsH"N"
3046 INPUT "DO YOU WANT TO TRY ANOTHER SURFACE (THIS MEANS STARTING OVER

1
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309GOTO FiHENhe

307 haiterP*IT) ISE PRNER6

3120 IF (Du~mp crt**Y") OR (Dump-crtSsy*) THEN Crt
3139 FIXED S
3149 FIXED 2
3151 IF Datots." THEN 3179

-3160 PRINT *DATE : ;Date$
3176 PRINT LIN(l),"Alpha - ";Rlpha;"dogr..s";TA3(48);",Rho-initial *;
ho initial
3186 PRINT *TRN(lpha) * ;Talph;TA(4);TA.(RNO-tNITIAL) - ";Trhoi
3190 PRINT LIN(1),"RHOl = ;Rho;"dogre~s";TA(48);"Th~tacritical -
;Theta critical; "degrees"
3266 PRINT LIN<1),"GLM Radius - ";Ybul let;*inch~s"
3210 PRINT "Aperture * ;Rp~rtur#;TA3(24);"Ya - ";Y&;"1nch";TAI48);"Yb

a ";Yb;"inchts"
3228 FIXED 5
3238 PRINT LIN(1),"nI ";NI;TAB(24);*n2 - ";N2;TR3(46;"n3";H3
3340 FIXED 0
3250 PRINT LIN(1),"Number of Rays - ";Nray
3266 FIXED 2
3276 PRINT LIN(I),Delsign Focal Point a*;"F;" inches"
3296 PRINT
3290 Crt: IF (Dump crt$-"Y) OR (Dump crtSo~y*) THEN DUMP GRAPHICS
330 IF (YhardS-"Y") OR (Y-hasrd~oly") THEN PRINT CHR*(27)"l36T"
3316 IF (Dump crtS-*Y*) OR (Dump crtsu"y") THEN PRINTER IS 16
3326 Charngttw"N" RESET CONDITION
3330 Dump crtS."H"
3346 Y hard~s"N*
3356 RETURN
3340 Yhasd: IF (YhardS.'Y") OR (Yhards.y") THEN Flag#=*1"
3370 IF (Y-hardSm"N") OR (YhardS*"n") THEN Flag~w"S"
3366 IF FlagSm"I" THEN PRINTER IS 0
3396 IF Flag~u"I" THEN PRINT CNRS(2?)&116T"
3466 RETURN
3416 Yhard-end: IF Flag*-"I" THEN PRINT CHRS(2?)I&t.136T"
3426 IF Flag*-"I* THEN PRINTER IS 16
3430 RETURN

2446 Finished: DISP "FINISHED"

2470 OPTION BASE 6

2496 CON Alph,TalphaRho,Trho,hoinistal.Trhoi,RhoITrhol,Rho2,Trho2
2506 CON F,Z3,Z4,NormThetai,TdeIta
3116 CON Das.SPloISFaailys.ChartSMainS,MalnlSFlagS,Y-hardS
3290 i
2936 CON StuffSRodraMSDigitlzeSRay traceS
3 540 CON INTEGER 1,J, Y9. coop,Nvray, Nraychart 9Nray~fami Iy, Hraystuff
2590 CON INTEGER Nraytrace,Nraydensity,Addray,c,Hs,Nbeta,Flag

3576 CON INTEGER Line countLinemax,Nincrmont,HittotaPselectNpib
3566 CON INTEGER FaiT ysurfno
2590 CON REAL Theta _critical,Tol,Hl,N2,N3,Delta ra&y,Y9,YaYb,Aperture
2600
3616 DEG
3626 One: Thetaim90-(Alpha.ABS(Rho)) iRHO MUST RE DECLARED ELESWNERE
2636 AlphaZ.Alpha
3640 MormwAlpha2-96
2656 Siniprfme.NI-N29SIN(Thetai)
366 Th*%&tuAS(Sniprim#)

3940 RhoLwAiph&Z.Th~tar-9@ USE ALPNA2 INSTEAD OF NORM BECAUSE THE
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366 SIGN OF THE.ANGLE IS DESIRED
3696 TrholeTAN(Rhol)
3766 SUSEND
3710 SUB Plot
3726 OPTION BASE 0
3736
3746 CON AIph&. Talph&. RhoTirh*,Rho in It I &1,Trho IRho I,TrhoI, Rho2, TrhQ2
3756 CON F,Z3,Z4,Nora,Theta,,Tdelt&
3766 CON Dast,Plot$,Famt lyS,ChartS,NatnS,MainlS,FlaqS,Y-hard*
3776 1
3766 CON Stuffs,RedrawS,Digitiz.s,Ray traceS
3796 CON INTEGER IJ,YG.loop,Nray,Nraychart,Hrayfaaily.Nravystuff
3666 CON INTEGER N4ray~tra.,Nraydnsity.Addvay,c,NsNbota,Flaq
3016
3626 CON INTEGER Lino eount,LineaxNnrani oa P~~tHi
3636 CON INTEGER F, as1y,Surf no
1646 CON REAL Thota-Cvr1tcal,Tol,N1,N2.N3,D.ItarFay,Y,Y4,Yb,Aprtur.
3636
3666 COm Y.bul let,Saax fami ly,Perc~vmt image
3676 CON xI (C), YI ( C, Xe (), X2(*) ,Y2(*) ,X2max(*) ,Y2max(*)
366 CON Y3(O),Y4(4),Beta(*),S2(*),Xaurfuaxce) ,Ysurfmax(*)
3696 1
3916 CN0()Sax*,lh2*,Ro()Mt*
3966 COi ae Sa()Apa()R0()11 .
3920 P THE ORIGINAL OF THIS ROUTINE WAS OBTAINED FROM THE NP UTILITIES LIBRARY
2936 ' 96453 UTILITY LIBRARY
3946 1 PROGRAM CARTRIDGE 2
3916 9645-19265
3%66 i PROGRAM REGPLT
3976 1 SUB LAXES WAS ALSO BORROWIED FROMI THE LIBRARY
3966s
3996 THIS ROUTINE IS USED TO SET UP THE LIMIT,LOCATE,SCALE AND CLIP STATE
MENT
4666 STATEMENTS FOR THE FOLLOWING ROUTINES.
4616 1) CHART
4626 1 2) FAMILY
4636 3) STUFF
446 4) DENSITY
4656 5) RAY TRACE
46"6S
4676 Fla*aFlaqc.0
4666 S*1tup: IF (lt P)OR (PloSaup" THEN P96?2a
4696 Crt: PLOTTER IS 13,"GRAPNICS-
4166 GOTO 4126
4116 P9072&: PLOTTER IS Pset~c%,Hpib,96?2A*
4120 GCLEAR
4136 LINE TYPE 1
4146 LDIR 6
4116 LONG 1
4166 LIMIT 6, 164,6,146 IALL UNITS IN MILLIMETERS
4176 DATA -2,-1,192
4166 READ Us,Dm,Nd,Nlu
4196 DATA .39794,.69997,.8756
4266 READ Loq2,Log$,Log7

420 IF (DtgitizesmY*) OR <DigittOS$wy1) THEN Digit scalt

4236 IF (fta-,tracs"Y ) OR (RaLy trac*#w~y1) THEN Ray tract
4246 If (ChartS"Y") OR (ChartSu~y*) THEN Chart
4296 IF (FamIlysmY*) OR (Family~say") THEN Faily

4266 IF (StuffS*Y*) OR (Stuffi*y*) THEN StuffI
4266 Chart: XsinwO
4296 IHPUT *MNAT IS THE MINIMUM VALUE OF 5 (INCHES) (DEFAULT w 0 INCH) ?*

4300 (amma
4316 INPUT "WHNAT IS THE MAXIM UM VALUE OF S (INCHES) (DEFAULT a 2.0 INCH)
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4320 IF Flagcol THEN 4300
4330 Ymin=Alpha-j
4340 Toau
435: INPUT "WHAT IS THE MINIMUM VALUE OF ALPHA2 (DEGREES) (DEFAULT - ALPH

A-I ~~ DE) Po~j

4368 INPUT 'WHAT IS THE MAXIMUM VALUE OF ALPHA2 (DEGREES) (DEFAULT - 90 D
* [C) ?",Ymax

4370 IF Fiagasl THEN 4438
4306 IF Xein>Xaax THEN DEEP
4390 IF Xoin>Xoax THEN DISP "Soin IS > Smax : PLEASE RE-ENTER VALUES IN
CORRECT ORDER*
440 IF Xmin>Xmax THEN WAIT 209
4416 IF Xain>Xaax THEN Flagcol
4420 IF Xmin>Xrnax THEN Chart I
4436 IF Ymin>Y:ax THEN SEP
4446 IF Y ln>Y ax THEN DSP "ALPHR2min IS > ALPHA2max :PLEASE RE-ENTER

- VALUES IN CORRECT ORDER"
4450 IF Ymin>Ymax THEN WAIT 2508
4466 IF Y:in>Ymax THEN Flagawl,
4470 IF Ym n>Ymax THEN 4338
4466 XorgoXmin
4490 Yorguasin
4500 FlaqauFlagcfe
451 GOTO Chart scale
4520: Family: Xmin=YminwXcrgsYorq46
4536 Ymax=Y bull@%
4546 Xaaxns-
4 56 INPUT "WHAT IS THE MAXIMUM VALUE OF X (INCHES) (DEFAULT u5 INCHES)

?" ,Xaax
4566 IF Xmax~nXmin THEN DEEP
4576 IF Xmax<(Xmin THEN DISP "Xmax MUST SE > >Xmin. PLEASE RE-ENTER T
HE VALUES IN THE CORRECT ORDER."
4566 IF Xoax<*Xnin THEN WAIT 2580
4596 IF Xmax<aXmin THEN Family
4666 FamllYscale: LOCATE 15,130,35,10
4616 GOSUS Sam*
4626 SCALE Xmin-.S*ASS(Ytic),Xmax..5A55(Ytic),Ymin-.5*ABS(Ytic),Y
bu llet.5*ABS(Yti I)

4636 CLIP Xuin-.5*ASS(Ytlc),Xmax..5*ASS(Ytlc),Y.in-.5.ADSSYtic),Y
_bul lqt+.5*ABS(Yt Ic)
4640 GOSUB Sam* axes
4656 SUDEXIT
4666 Stuff: XmlnsYsineXorgayo-guo
4676 HeaxoS
4666 YmaxwY bull*t
4696 INPUT W-HAT IS THE MAXIMUM VALUE OF X (INCHES) (DEFAULT u5 INCHES)
? ,Xoax
470 If Xmax<mXmin THEN SEEP
4716 IF Xaax<=Xain THEN DISP *Xoax MUST SE > Xmin. PLEASE RE-ENTER TN
E1 VALUES IN THE CORRECT ORDER."

4726 IF Xaax<=Xmin THEN WAIT 2506

47136 IF Xmax(uXain THEN StuffI
4740 Stuff scalt: LOCATE 15,136,35,166
4756 GOSUS Sam*
4766 SCALE Xmln-.5CAS(Ytic),Xmx..50A5(Yttc),Ymin-.5*ASS(Ytic),Y.
bidll*.CAvS(Yt1c)
4779 CLIP Xmin-.5eAS(Ytic),Xaax..59A55(Ytic),Ymin-.S*ASS(Yttc),Y.
bid Iet..5ADS(Yt ic)
470 GOSUS Same-axes
4790 SUDEXIT
4060 Ray trace: XmineXorgeYorgol

4626 INPUT 'WHAT IS THE MAXIMUM VALUE OF X (INCHES) (DEFAULT a 5 INCH
El) !,.Xmax
4601 IF Xmax(.Xmin THEN SEEP
4646 IF Xmax<oXmin THEN DISP *Xoax MUST SE > Xmin. PLEASE REt-ENTE
R THE VALUES IN THE CORRECT ORDER."
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4459 IF Xmx*~ THNWIT20

4050 IF Xmax<=Xatn THEN MA~T 2566
4076 Ymax=Y bullet
4666Ra YmIn,-Y0ax
406Ri _ia.c 'Ial*: LOCATE 15.136,25,166

4 66 GOSU3 Same
491 SCALE Xmn-.54A35(Ytic),Xmax4.5*ABS(Ytic),-Y bullet-.2SeA3
S(Ytic),Ybulet.2S*A1S(YtIc)

4926 CLIP xmln-.5*ADS(Ytic),Xmax4.SCADSCYtic),-Y bullet-.25eAI
S(Ytic),Y-bul let+.23*A3S(Ytic)

A4946 CLIP Xmfn,166,YftfnYmax
4956 SUDEXIT
4966 Chart-scale: LOCATE 18, 133,26,10166 ALL UNITS IN GDUIS
4976 GOSUS Same IDRAW THE DESIGN CHART
0690 Xtic*(XMaX-Xnin)/16
4996 SCALE XmtnXmax+.25eABS(Xtic)gYainYmax4.25*A3S(Ytic)
se6s CLIP XminXmaxYmin.Ymax
561 COSUB Same axes
5626 FRANK
5636 SUSEXIT
5640 DIqit scale: LOCATE 6,136,36,166 ALL UNITS IN GDU'S
Se656 Xax=Ybullet D RAW THE HISTOGRAM
saf6 Xin=-Nax
5676 XorgaYargaG
5666 Ymaxn1

gl36 GOSUS Same ae
StliS Saeae: CAL -Yaxes(XticYtR3cXovg,Yg,1,1,2,Nmln-X (dgeXmaxYmin-Yf

5126 CLIP -Y nXmaxYmInVmax tc).
5176 RETURNS(~ic
5166 Same: LxLGTXmaxXmen

5190 REuLTURNa-Y~n

5260 Xfudgem.204(Xmax-Xmi n)
5216 Yfudgeu.264(Ymax-Ymin)
5226 Tic-marks: TeasxticaFRACT(Lx)+(Lx<6)
5236 Xttcu16-(INT(Lx)-l)*(141.55((Testxtic)Log2) AND (TestxtIc(Log5))
#*((Teatxtic>wI~agS) AND (Testxtic~uLog7)).6.5e(Testxtic>Log7))
5246 TestyIcFRACT(Ly)+(Ly.<8)
5256 Ytica16'(INT(Ly)-1)e(1.1.5*((Tsty'tic>Log2) AND (Testylc(LogS))
#*((TesI~ttc>=Log5) AND (Testytic(uLog7)).6.54(Tes%Vic>Log7))
5260 RETURN
5276 SUSEXIT
5266 SUB Laxes(XtI c, Yic.XrgYog, Xmaj, Ym~j,NMintce ze Xl n, Xmax,Ym In, YmaX)
5290 OPTION BASE 6

5316 CON AlphaTalphaRhoTrheRhointtial,Trhoi,RholTrholRho2,Trho2
5326 CON F,Z3,Z4,NormThoat,Tdelta
5336 CON Date0,PlotS,Famf lyS,ChartS,NaiflO,NatflI,Flag,Y-hardS
5346 1
5350 CON StufS,Redraw8,Digiiszo$,Ray traceS
5366 CON INTEGER IJY6 loop,Nray,Nraychart,Nray-family,Nray stuff
5376 CON INTEGER Neay trace,Nray densi ty,Add ,ay,Nc ,Hs,Nbetajlatg

3" CON INTEGER Line countLino saxgNlfncrementHittotalPselectNpib
5466 CON INTEGER FamiTy,surf-n n
5416 CON REAL Theta _critcal,Tol,1,2,N3,Deltar&.Y,yYayb,Aperture
5426
5430 CON Y bullet.lmax feat lv,Pereen %Imago
5440 CON XT(e),YI Ce),Xc(e),X2(*),Y2(4),X2bax(5)Y2max(*)
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if 456 CON Y3(a),Y4(*),Deta(*),S2(4),Xsurfaax(e),Ysurfmax(e)

5466 1

5496
5566 1 THIS ROUTINE IS USED TO DRAW AND LABEL THE AXES FOR THE F2LLOWING
5516 1 ROUTINES:
5526 1 1) CHART

1?5536 1 2) FAMILY
5546 2) STUFF
5556 4) DENSITY
5566 1 5) RAYTRACE

566 Flag-I

5 596 DEG
5660 LINE TYPE I
5616 LOIN 0
5426 LONG 5

5626 IF (Xmin>sXmax) OR (Ymin>nYax) THEN SUDEXIT
5646 GRAPHICS
5456 Xfudge. 2*(Xoax-Xmi n)
5646 Yfudqe.92.(Y*ax-Ymin)
5476 Xmajol
566 Ysajo1
5696 Mintlciz*=2
5760 IF CDigitizS"Y') OR (DigisizSly') THEN Digit axis
5716 IF (Ray_%rac@*suY") OR (Ray'trac*.suy") THEN Ray trace axis
5726 IF (Chart0.'Yl) OR (CharSw'y*) THEN Chart-axis
5736 IF (FaailyS"Y") OR (Familyssuy") THEN Family axis
5746 IF (Stuff8"Y") OR (Stuff6="Y") THEN Stuff-axis
5756 Chart axis: LINE TYPE 3
5766 GRID Xt ic,Yt icXorg,Yorg,XaajYma&J,2*Mint icsize
5776 LINE TYPE I
5766 GOTO Labeix

5796 Family axis: AXES Xtic,Ytic,Xorg, Yorg,Xaaj,.Ym&J,9Mint Icsi ze

516 Stuff axis: ATXboXES Xtlc,Yt c,Xorg,Yerg,Xmaj,YmaJ,Mint icsize
5020 GOTO Labelx
5636 Ray trace axis: AXES XticYtlcXorg1Yorg,X*aJYmaJMinticsiz.
5646 GOTO Labelxjray

565 Digit axis: AXES I.,,lI2
5666 GOTO Lablx-d
5676 Labelx: FIXED 3
5666 LOIN 96
690 LONG S
5906 Parx: FOR A.Xcrg TO Xmax STEP Alluxtic)
5916 MOVE AYorg-Yfudgt
5926 LABEL USING 5956;A
5926 IMAGE 111.11I
5940 IMAGE3.3
5956 IMAGE *,K
5966 NEXT A

5976 Labely: LDIR 6
5966 LONG 6
$ 996 Pary: FOR AnYorg TO Ymax STEP ABiCYtic) I FOR CHART AND FAMILY
6666 MOVIE Xorg-Xfudg.,A
"is6 LABEL USING 595@;A
"0 NEXT A
6626 GOTO Label
"640 LAbolx ray: LDIN 91
6$m6 LONG 6
6641 Parx-ay: FOR RoXerg TO Xoa* STEP AD(Xtic)
6676 MOVIE A,Yorg-Yfudge
6060 LABEL USING 595@;A

096 NEXT A
6166 LabelIyjray: LDIN 6
at1 LONG 6
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C 6126 Paryjray: FOR An-Y bullet TO Y bullet STgP ASS(Ytic) I FOR RAY TRACE
6126 MOVE Xorg-Xfudge,A
6146 IF RIO THEN LABEL USING 1950;A
6146 IF AgS THEN Next-
6166 LABEL USING 61?9;A
6176 IMAGE DD.D A
1ie Next a: NEXT A
6199 GOTO Label
6260 Labelx d: LDIN 90
6216 LONG 6
6226 FOR Au-Y bullet TO Y bullet STEP .1
6230 MOVE A,Yorg-Yfudge
6240 IF As@ THEN LABEL USING 5S950;A
6256 IF AsS THEN GOTO Hextaa
6260 LABEL USING 61?;R
6276 Next CaI NEXT A
6266 LablTyd: LDIR S
6290 LONG 8
630 FOR Aso TO Y bullet STEP .1
6316 MOVE Xorg-Xfudge,A
6320 IF 0IO THEN LABEL USING 5959;A
6330 IF Awe THEN GOTO Nexta
6340 LABEL USING 61?;A
43560 Next&: NEXT A
6360 Label : SITGU
6370 LOIN 6
630 LONG 5
63" CSIZE 2.5
6406 IF (DtgitieIws"Y*) OR (DigitiZe$Sf'y) THEN Digit label
6416 IF (RNv traceSs"Y1) OR (Ray traceSusy") THEN Ray trace label
6420 IF (CharttS-"Y) OR (Chart$S"y*) THEN Chart label
6436 IF (Family$u"Y") OR (FaailVy$=y') THEN Family label
6446 IF (StuEf46uYV) OR (StuffSu"y) THEN Stuff label
6456 Chart-label: Centerx*74.60
6460 Centery=64
6476 1
6400 MOVE .SeCenterx,9
649 LABEL USING 6509;F
6566 IMAGE "Design Focal Point : "*DD.DD," Inches"
6516 MOVE 1.5eCenterx,9
6526 LABEL USING 653;Nray chart
6536 IMAGE "Number of Rays : ",K
6540 MOVE .SeCenterxs
656 LABEL USING 656O;Alpha
6566 IMAGE "Alpha : "33.03" de"
6576 MOVE I.S*Centerx,5
66D LABEL USING 6596;N2
6590 IMAGE "n2 : ".11.1121

6616 CSIZE 3
6620 MOVE Centerx,15
6430 LABEL *S : Distance Along Refracted Ray In the Lens ( Inches

4440 LOIN 90
616 POVE .O,Centery
646 LABEL "Alpha 2 : Angle of the Tangent Line at"
676 MOVE 4.0,Centery
6r43o LABEL "the Second Surface ( Degrees )"

6766 GOTO and-label
67t6 Faoi Iylabel: CeonerxwC*netrxfaa #lya?2.5
6720 CenseryaCentery aai Iy66.5
4730
6746 IF (StuffIe"Y") OR (Stuff~w"y*) THEN Stuff label
6756 MOVE .$*Centerx,9
76O LABEL USING 630:F
6776 MOVE I.SeCenserx,9
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4766LABEL USING 653e;Nray family.

6666 LABEL USING 6360;Rlpha

649 MOVE 1.5*Cen%rx,5
6426 LABEL USING 6596;N2

646 HOVE Centerx,23
dose LABEL "Distance Along GUI Axis (Inches)"
fog6 CSIZE 3
6676 MOVIE Conttrx,ls
se60 LABEL *FAMILY OF SURFACES"
690 LSIR 90

£660 MOVE l.3,Centtry
6916 LABEL 'Radial Distance from the Axis (Inches)"
4926
4930 GOTO End .label
6946 Stufflabel: Centes-xw?2.S
dose Centeryadd.5

$976 MOVE .5*Ctnttrx,9
4966 LABEL USING 60;F

4990 MOVE 1.5*Ctnterx,9
7666 LABEL USING 6336;Nvay_1tufe
7616 MOVIE .S*Conterx,S
7620 LABEL USING 656;Aipha
7636 MOVE 1.30Centerx.5
7646 LABEL USING 6596;N2
7656 MOVE Cmntearx,5
Me6 LABEL USING 79;Aperture

7076 IMAGE 'Aperture :"911.1101" inch*

76119 MOVE Centevx,23
7160 LAPEL "Distance Along QIM Axis (inches)"
7116 CSIZE 3
7126 MOVE Conterx,15
7136 LABEL USING 7146;Familv~
7146 IMAUE "SURFACE NUMBER *K
7156
7166 LDtR 96
7176 MOVE 1.5,Cente,-y
7166 LABEL *Radial Distance fro* the Axis (inches)"
7196
7210 GOTO End-label
7216 Ray-trace labelt Ctntarx=72.5 I CHANGE IN GRAPH AS WELL
7226 C~nseryW62.11
7236
7246 MOVE 1.S*Centerx,S
7256 LABEL USING 653*;Nray trace
7296 WOVE *5*Ctnterx,t@
72761 LABEL USING 7266;Rho-Initial
7266 IMAGE Otncidens Ray Angle : ",3D1.DD1,* dog"
n29 MOVE .*Cvnterx,4
7266 LA2EL USING 76?6;Aperturo
7216 MOVE J.3*C~ntrx,6
726 LAPEL USING 9596;H2
7336 MOVIE *5*Censevx,2
7246 LABEL USING 4546;Alpsha
7256 MOVE Conterx.23
724 LABEL "Distance Along %he GILM Axis 'Inches

7266 CSIZE 2
7296 MOVIE Cent vx, 15
7446 LABEL USING ?416;Family
7416 IMAGE *SURFACE HUMBER -,X
7426
7436 Lot* 96
7440 MOVIE 1.2,Consery
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?450 LABEL "Radial Distance From the Axis (inches)
7460
7476 GOTO End-label
7460 Dlgitlabol: Centerxm6l.56
7496 Cent ery=65

7516 MOVE 1.S*Ctnterx,13
75320 LABEL USING 636;Hray trace
736 MOVE Centtrx.,2,9
7546 LABEL USING ?1550;Hlttoal
7556 IMAGE "Number Of Hits On the Image Plane ,
756 MOVE I.SeC~nterx,9
7576 LABEL USING 7S86;Pe,-cwnt image
7566 IMAGE *% of Raps to Image Plane : ,3D.09
7596 MOVE .S*CCntorx,5
7666 LABEL USING 7619;23
7616 IMAGE 'Image Plane I ,DDinches"
7620 MOVE S*.Cent~r-x,s
7636 LABEL USING 7649;H increment
?646 IMAGE "Number of Increments 19,1.13 ,
7650
7666 CSIZE 3
7676 MOVE Centerx,26
7666 LABEL 'Normalized Number of Hits vs Distance from the GLM Ax
is'
7690 MOVE Centerx/2,13
7760 LA1EL USING 7719;Family
7716 IMAGE 'SURFACE NUMBER -,K
7726 1
7736 End label: CSIZE 15/4.54
7746 LDIR 6
7756 LORG 5
7760 SE1UU
7776 SUIEND47766 Sul XIPOs(X,Y)
7796 OPTION BASE 6
766 1
7616 COM Alpha,TalphaRhoTrho,Rhoinitial,Trhoi,RholTrhol,Rho2,Trho2
7626
7036 INTEGER Z
7846 DIG
7616 DIP FNYI(Y)uYTalphaTalpha-Trhol) I FINDS THE Y-VALUE OF THE INTERCEPT
766 ! OF THE RAY AND THE FIRST SURFACE
7976 DIP FHXI(Y~sY-"Talph& FINDS THE X-VALUE OF THE INTERCEPT OF THE RAY
7606 AND THE FIRST SURFACE
7690 Y=FNY1(Y)
790 XwFNI(Y)
7916 SUBEND
7920 SUB Char
7930 One: FOR 2.6 TO 79
7946 IF Z*79 THEN 7960

7956 PRINT CHRO(220);
7966 IF 2=79 THIN PRINT CNRS(220)
7976 NeXT z
7966 SUBEXIT
7996 SUBEHI
666 SUB Dialogue
6"to OPTION BASE 6

6636 CON AlphaoTalpha,fthoTrho.Rhointtial,Trhoi,Rhol,Trhol,Rho2,Trho2
6646 CON F,Z3,Z4,Morm,Thetsi ,Taelta
6056 COM Date8,Plot6,Faai 1y6,Chart6.MatnSMaInl,Flag~sYhardS

6676 COW Ssuff~oRedrauSpDlgltizel,Raytrace8
6066o COM INTER 1,J,Y@_loop,HrayNraychart,Hrayfaamlvrayfstuff
6696 CO" INTEGER HrsytraceHrsy~density,Addry,c,H,Hbta,FIlaq
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6116 CON INTEGER Linecount,Line mx,N_incremntHittotalPslect,Npib
6126 CON INTEGER Famiy,Surf no
6136 CON REAL Theta- Critical,Tol,HlN2,N3,Dolta-ray,YYYb*Aporture
6146
#Is# CON Y-bulletSmax fasilyPercent image
61@ CON Xl(e),Yl(*),Xc(),X2(*),Y2(*),X2ma&x(*),Y2sx(*)
6170 CON Y3(*),Y4(.).Bets(),S2(e),Xsurfmax(*)tYsurfm&x(*)

6196 CON ga(*),Sax(*),Alpha2(*),Rho2(*),Hit(.)

6210
6220 9 THIS ROUTINE INITIALIZES MOST OF THE VARIABLES USEE IN THE PROGRAM
6230
6240 DEG
6256 InitializetoptAlphasaZ
6260 TlphtmTnN(Rlpha)

9270 Tole.00

6366 N2.4

0310 431
6326 F04
6336 Y bulletIl.1
0340 Yas6 HNEN YR 6 a THEN THEN THE BORDERS OF THE

6356 YbIY bullet 1 APERTURE ARE ILLUSTRATED BY DRAWING A
6366 AperturenYb-Ya 1 RAY AT YnY& AND YaYb. THIS IS DONE BY
6376 Add ray- I ADDING A RAY TO ALL NRAY x DECLARATIONS
630 NraulO
6390 Rho nitialaRho.*
8400 Trhoi=TrhosTAN(Rho tniti&l)

6410 Line countwS
6420 Linemax64
6436 H ncrementnl@
6440 Ps;lecta
0456 14p0bs
6440 Plosse'C"
6470 DateS.""6466 FailSu"N"

0490 $tuffal6"
6so6 DigitizeSsuN"
6561 RedraiwsON"
6526 Ray-traceStHm"
6536 PRINT PAGE,"Hote to the operator:
0540 PRINT LIN(2)," When a request for information iS placed on the screen"
6550 PRINT "two options exist:"
6566 PRINT LIN(I), 1) key in the required information and PRESS CONT."
6570 PRINT * 2) PRESS CONT if the data/paraoeter or other response "
6560 PRINT * has not or will not change from the previous entry. It in"
6596 PRINT * doubt, key in the C€rre4t response or data and PRESS CONT.

6400 PRINT LIH(2),-P*ESS CONT-
41i PAUSE
6420 PRINT PAGE,"The sign convention is :1
6630 PRINT LtN(I),- 1) the origin is placed as the vertex of the first su

6646 PRINT " and the GLN axis.*
6416 POINT 2) distances: positive to the right of the origin."
"go6 PRINT * positive above the origin (Radial distance).*
6676 PRINT positive out of the meridian plane (screen)."
"o PRINT ( Ci0. a right hand syste.)"
o"9 PRINT " 3) angles: POSITIVE IF counter-clockwise"
6?o PRINT " rotation from the GLN axis to the ray"
6716 PRINT LIN(2),-PRESS CONT"
6720 PAUSE
6736 Alpha: PRINT PAGE," Alpha is the angle of inclination (io. the cone"
3740 PRINT *half-angle) of the FIRST surface with respect to the GLN-axis
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0736 PRINT LNH(3)," The current value qf ALPHA is";Alph&;"degrees"
0744 INPUT "HAT IS NEW VALUE OF ALPHA (DEGREES)?*,Alpha
e7?e TalphaaTAN(Alpha)
0780 Index: PRINT PAGE," The lens system is asumed to be opeting in air."
1799 PRINT *Therefore the first index of refaction is defined as nl- 1.e00ie

go*@ PRINT LIN(2)," It is assumed that ml < n2"
$$to PRINT " and n2 > n3."
0026 N2: INPUT "WHAT IS n2 (DEFAULT VALUE - 4) ?',N2
6030 N3: INPUT "WHAT IS n3 (DEFAULT VALUE 1) ?',N3
6646 IF N3<N2 THEN Theta critic&luASN(N3'N2)
6$so IF H3)N2 THEN DEEP

6soe IF N3>N2 THEN DISP "n2 MUST BE ) n3. PLEASE RE-ENTER n2 AND n3."
$67S IF N3)N2 THEN WAIT 4666
6ss IF N3>N2 THEN N2
6090 Rho initial: PRINT PRAGE," The rays incident on the first surface are "
e94e PRINT assumed to be parallel to the GLM-axis.
6910 PRINT LIN(5),-PRESS CONT"
6920 PAUSE
0930 RhoaRho Initial
0940 TrhosTAR(Rho)
6950 CALL Snell COMPUTE RHOI
6966 Y bullet: PRINT PAGE," The GLM is assumed to be symmetric around the long
ftudinal"
6970 PRINT "axis. The maximum radius, called Y bullet, is ";Y bullet;"
nches."
og" PRINT LIN(2)," If your design requires a different radius, plta
s."

6990 PRINT "enter the new value now."
9600 INPUT *Y bullet (INCHES) ?",Y bullet
9019 Aperture: PRINT PAGE," The aperturte Is the difference in radial distance
from the GLM axis,"
9020 PRINT "projected onto the first surface, into which light is allo
wed to enter"
9030 PRINT "the GLM optical system. The parameter values are:"
9646 PRINT LIN(2)," Y& a the lower aperture limit (default value
";YA;-inch)"

9656 PRINT " Yb a the upper aperture limit (default value a ";Yb;
Inch)"
966 PRINT " and is always less than or equal to Y bullet."
9679 INPUT "WNAT IS Ya (INCHES) ?",Ya
9666 INPUT "WHAT IS Yb (INCHES) ?-,Yb
9696 IF Y&>Yb THEN BEEP
9166 IF Ya)mYb THEN DISP "Ya MUST Bi ( Yb. Please enter correct valu

9s1 IF Ya>mYb THEN WNIT 300
9126 IF Ya&)mYb THEN Aperture

9130 IF Yb)Y-bullet THEN DEEP

9146 IF Yb>Ybullet THEN DISP "Y bullet MUST BE > Yb: PLEASE RE-
ENTER Y bullet,Ya AND Yb."
9156 IF Yb>Y bullet THEN WAIT 300
9160 IF Yb)Y bullet THEN Y-bullet
9176 Aperturenb-Y&
9106 IF Ya<(> THIN Add. _ry-
9190 Nray: PRINT PAGE," The program wi ll trace*;Nray;* Pays through the system

9290 PRINT "you specify another value."
9210 PRINT LIN(2),0CUTIQN: Entering too many lines will clutter the des
ign chart."
9226 PRINT * Try*;Nr^;" rays, then decide if you want more
or less rays.

$236 INPUT 
" 
NON MANY RAYS DO YOU WANT THE PROGRAM TO TRACE -',Nray

9240 IF Nray<2 THEN DEEP
9250 IF Nray<2 THEN DISP "YOU MUST USE AT LEAST TWO (2) RAYS. PLEASE R
I-ENTER THE CORRECT VALUE."
9266 IF Nray(2 THEN WAIT 2500
9270 IF Nray(2 THEN Nray
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C 9266 Focus: PRINT PAGE,* The focal point is the location on the GLN-axls at uh

9290 PRINT *you wuant all of the rays to pass through."
9366 PRINT LIN(2)," The minimum value of the focal point is ';Y bullet/
T&Ipha;* inches.*

9310 PRINT 'This value has been chosen to prevent the angle of the tangen
t line'

9320 PRINT "of the second surface from exceeding 90 degrees at V * ';Y bu
Ilet
9330 PRINT "(It. at y a Ybullet inches ).
9340 PRINT LIH(2),' The default value is *;F;" inches.*
9356 INPUT -WHAT IS THE VALUE OF THE FOCAL POINT ?',F
9366 Date: PRINT PAGE
9376 INPUT "WHAT IS TODAY'S DATE ?',Date$

9396 Start: PRINTER IS 16
9396 Gymnastics: SUBEND
946e SUB Chart
9416 OPTION BASE a
9420
9436 CON Alpha,Talph&,Pho,TrhoRhoinitial,Trhoi,Rhol,Trhol,Rho2,Trho2
9446 CON F,Z3,Z4,NormThet&iTdelt&
9456 CON DateS,Plot*,Faaily$,ChartSMaistNinl$,FlagS,Yh&rdS

9460 1
94? CON Stuff5,Redra$,Digittze$,Ray traceS

9466 CON INTEGER I,J,Y loop,Nray,Nray chart,Nray fami l"Nraystuff
9496 CON INTEGER Nrap trace,Hraypdensity,Add ray,Nc,Ns,Nbeta,Flag

9516 CON INTEGER Line count,Linet mx.N incrmentHit toal,Pselect,Hpib
$526 CON INTEGER FaaiTy,Surf no
9536 CON REAL Theta crit cal,Tol,NI1,NgN3,Delt.ryt,YetY,,Yb,Aperture

9540 7
9550 CON Y bullet,Smax faitly,Percent image
sse CON XT(*),Yt(*),Xc(*),X2(e),Y2(*),X2mx(*),Y2max(*)
9576 CON Y3(e),Y4(.),Ieta(e),$2(),Xsurfm&x(*),Ysurfmx()

9500 1
9596 CON Qa(*),Saax(),ARlpha2(e),Rho2(e),Hit(e)
9440
%to6 THIS ROUTINE CONPUTES AND DRAWS A FAMILY OF CURVES REPRESENTING THE

9426 RELATIONSHIP BETWEEN THE DISTANCE ALONG THE RAY REFRACTED AT THE FIRST
436 1 SURFACE OF THE LENS AND THE SLOPE (DERIVED FROM SHELL'S LAW) REQUIRED

9446 TO SUCCESSFULLY REFRACT THAT RAY THROUGH THE DESIRED FOCAL POINT.
9456

946 THE NOTABLE VARIABLES ARE:
9476 I) BETA : THE ANGLE OF A LINE DRAWN FROM THE FOCAL POINT TO THE
94s6 INTERCEPT OF THE RAY AND THE FIRST SURFACE

9496 2) RHOt : THE ANGLE OF THE REFRACTED FROM THE FIRST SURFACE WITH
9760 RESPECT TO THE GLN-AXIS (REF)
9710 f 3) RNOZ : THE REQUIRED ANGLE OF THE REFRACTED RAY FROM THE SECOND
9729 1 SURFACE NRT REF
9736 I 4) HIGH : RNOX ) BETA
9740 1 5) LOW : RHOI < BETA
9750 1 6) ALPH62 : THE SLOPE OF THE SECOND SURFACE WRT REF REQUIRED TO
9766 1 SATISFY SHELL'S LAW
9776 1 7) S : THE DISTANCE ALONG THE RAY REFRACTED FROM THE FIRST
9766 1 SURFACE, MEASURED FRON THE FIRST SURFACE
9790 p 3) 0 : INTERCEPT POINT OF THE INCIDENT RAY AND THE FIRST SURFACE
9666 9) A : X-INTERCEPT OF THE RAY REFRACTED AT 0
96te 16) O : DISTANCE FROM 0 TO A

9030 DIG
S"40 Mra ¢harts~ray

9656 IF (Stuffl'Y') OR (Stuff~w'y') THEN NrsychartuHraystulf
946 Chartsw'Y*
9076 CALL Header
966 Flaes
9690 Deaw axes: CALL Plot

0
144



C9996 Do%&: FOR lot TO Mraychart 1 COMPUTE BETA FOR EACH RAY

9926 #*%&(I).ATN(Tbota)
9936 AuXI(l)-Y1(t)/Trhol COMPUTE THE DISTANCE ALONG THE REFRACTED
9946 Qa2u(Xl(l)-A)^2.Yl(I)^2 1 RAY TO THE X-INTERCEPT
9956 Qa(l)=SQR(9a2) I THIS is THE MAX ALLOWED vUE OF S
9966 NEXT I
9970 Chart: FOR Nbetawl TO Hray chart 1 COMPUTE ALPHA2 AND S FOR EACH RAYA
9906 Sea*

9996Sm&J(UQ&(NbotA)
l6666 Natep.Smxx26

16626 S: FOR SoSS TO Smax STEP Nstop
16636 JwJ+l
16646 IF ABS(3ft4(Hb*%a))>A2S(RhoI) THEN High
lease IF S(6 THEN Next beta
1060 Low: CALL Low vrgion(T,Alph&2,Nbota)
16679 IF Tdelta<S THEN Negative
16666 IF Rho2>s THEN Negative
16690 IF Alph&2>*98 THEN Negative
16166 IF Line coun%>Line max THEN CALL Header
16116 PRINT USING Image data;Nbeta,3elta(Nbeta,Thetai,Horm,Rho2,S,iA:phaz
16126 Line CounteLinq countel
16130 GOLD3 Graph
16146 GOTO Next-*
16156 Nigh: CALL Nigh region(S,Alpha2,Nbeta)
169 IF Tdelta<S THEN Negative

16176 IF Rhi,2>6 THEN Negative
16las IF AlphaZVu94 THEN Negative
18196 IF Linecoun%>Linwemax THEN CALL Neadef
16206 PRINT USING Ima&ge data; Nbota, It(Nb*%a), The% ai, Nor%, Rho2, S, Al pha
16216 Ltne..SotntwLfno count+l
16229 GOSUS Graph
16236 GOTO Nextas
16246 Zelo cross over:A-FC3IN(Alpha)/SIN(Alpha*ABS(3eta(Nbeta))) !THIS
16236 3S*CO5CAS(3t(beta)-A3S(Rho1)) CONDITION EXISTS IN
16266 lloAD HIGH WHEN ALPHA2 > 90 DEGREES
16276 gEU*8N(AIS(Ueta(Nbeta))-ADS(RhoI))
16206 TdeltauEeD
16296 ArhoasAIS3..aaNbotu>)ATN(TdeI ta)
16366 IF Arho2<6 THEN Negative
16316 Rh*2u-leArho2
16326 Hor-zcrosIACOS(Rho2)-N2.N3COS(Rhol)
16336 3uN2/N3eSIN(A6S(Rho1))-SINA3S(Rhe2))
10340 TnormusR
16330 NofUUATN(Tnorm)
16366 Thetal uNoum+A3S(Rhol)
16376 rhq%&roW~rm.A2S(Rho2)
16366 Al pha2=Horu*90
163"3 IF Line count >Line max THEN CALL Header
164"f PRINT USING Imigodaa;Nbeta, 3eta<Nbeti, The* aior*, Rho2,S, Al Pha
16416 Line countoLine coun%+l
16420 GOSUB Graph
16436 MCx%_z:Smax(N~bet&)wS
16446 A1Pha2(Mb*ta)wAlphaZ
16450 NEXT S
16446 So$-Hetop

16476 IF S(Ola(Nbeta) THEN Negative
10466 Next beta: IF Linecount >Lin* max THEN CALL Header

1656 Ltne councwoinecoggni*1
16516 Plago2 ILABEL THE PLOT WITH HIETA
16526 GOSUB Graph
16136 Plagol I RESIET
16546 NEXT Nb*ta
loss# 7144.3 1 TELL GRAPH THIS IS THE LAST BETA
16146 CALL Graph
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10576 Chart$=uN O LN2) FO IHO O

1406 Negative: IF Nstap<Tol HNNetbt
10610 SnS-Nstop !R0 O O RAPA O IHO O

10636 NstopwHstep/I0
10640 Rtho2u@
10450 GOTO S

10440 Graph: GRAPHICS

1ogo0 LINE TYPE I
b19699 LDIR 0

16700 LONG 2w 1716 CSIZE 2.5
10:726 IF Jet THEN MOVE S,Aipha2
16736 IF J=2 THEN DRAW S,Alpha2 DO NOT CHANCE
10740 IF (J>-3) AND ..Flag<>2) THEN DRAW S,Alpha2 !DO NOT CHANGE

1075 IF Fl&g-2 THEN LABEL USING 1077S;Nbeta
1,766 CSIZE 15/4.54
10770 IMAGE K
10706 RETURN
10790 Image -da~az IMAGE DDD,4X,3(4D.3D,5X),4D.3D,5X,2D.3D,SX,4D.3D
10600 1 IMAGE STATEMENT IS FOR Nbeta,B~ta(Hbeta),Th.%&i,Narm,RhO2,S,Alpha2
10010 SUREND
10020 SUB Lou vr.gion(S,A1pha2, INTEGER N)
10030 OPTION BASE 6

10056 COM Alpha,Talpha,Rho,Tv'ho,Rhoinitia.Tthoi,Rho1,T1lhol,Rho2,Trho2
10066 COM F1Z3,Z4,Norm,Th*%t,Td*lta
1090 COM Dat.S,Plot8,Faaily8,ChartS,Main8,Mainl$,FlagS,YthadS

10090 CON StuffSRedraw,Digitlz.S,Ray tracoS
10500 COM INTEGER I, JYS Ioop,Nr ,lNraycha ,vHay-'aai 1,Niay'stuff
16910 CON INTEGER t~~~rc.rydniyAdryNsNt&F~
10920 1
10939 CONI INTEGER Line countLine maxgHNincreeentHitttotaI ,Ps.IqctHpib
19940 COM INTEGER Fami1,Swrf no
10950 COM REAL Theta critlcal,ToI,N1,N2,N3,Deltaray,Y6,Ya,?b,Rperture
10960
10970 CON Y bul letSmax fauil lgPercent image
10900 coM xT(*),YIC*) ,Xc(*),X2(*),Y2(*),X2bax(*),Y~max(*)
10990 COM Y3(*,Y4(*), Beta(*),S2(*),Xsuvfmax(e),ysuvfmax(*)

11010 CON Qa(e),Sax(e),AlphaZ(*),Rho2(*),Nlt(*)
11020 1
11030 DEC
11040 Tdet.I:RSIH(Alpha.ABS<Beta<N))) ICOMPUTE RH02 *f(S)
11050 BuVCSIM(Alph&)/A
11046 C=S*COS(NBS(RhoI)-ABS(2ea(N)))4
11070 DuB-C
11les0 EeSoSIN(A2S(Rhol)-ABS(Beta(N)))
a10s" Td@lsauE'D
11104 D@Ia&ATM(Td&1%&) 4

1111e ftrho2mA3S(3et&(N))-Delsa
11120 Rho*u-1.Arho2
11130 Noumak)I:A-COS(Rho2)-N2/N3.COS(RholI COMPUTE ALPNA2 f(RH02)
11140 BuSIN(ABS(Rho2))-N2/H3OSIH(ABS(Aho1))
11150 Ta,,or..3i'A
11166 AnormeATN(Tano'm)
1117* ThttainAnorm-ABS(Rho1)
11100 Th*%&rwAnorm-ABS(Rho2)
11190 Neroem-toftnor
11204 Alpha2e94+Hora
11210 SUBENB
11220 SUB Nfgh r*egon(S.Alpha2, INTEGER N)
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C11246
11250 CON Alpha,Talpha,Rho,Trho,Rhoinitial,T-hoi,Rhol,Trhol,Rho2,Trho2
11260 CON F,Z3,Z4,Norm,Th~tai,Tdlta
11270 CON DateSPlot$,FemilyS,Chart$,flanS~fain1SFlaq$,YhardS

1 120:611290 CON StuEEfSRedvsuSDigiti z.S,Ray traceS
£1300 CON INTEGER 1,J,YO-loopNray,NrayechartNrayfaily.Nraystuff
11319 CON INTEGER Nraytrace,Nraydensity,Addray,Nc,Ns,Nbta,Flag
11320
11330 CON INTEGER Lin*.countjLin# uaxN incroment,Hit total ,PselectNpib
11346 CON INTEGER Family,Surf no
11356 CON REAL Thea&crit ical TolH.,N2pH39Delt& ay1 , Y9,Ya,Yb,Apertur#

11379 CON Ybul let,Smax fami 19,Percent image
11300 CON X1(*) ,Y1(*),Xc(*) ,X2(*) 'Y2(*) ,X2max(*), Y2max(*)
11390 CON Y3(e>,Y4(*),Eeta<*) , 2(*' ,Xsurfmax(*) ,Ysur~fax(*)
11406
11416 CON Qa(e),Smax(*),Al pha2(*) ,Rho2(*),Ni t ()

* 11426
11436 DEG
11446 Nlgh:AwSIN(AlPh+ASI3*taN))) !CONPUTE RNO2 *f(S)
11456 B.FOSIN(Alpha)/A
11440 C-SCCOS(ABS(Det&(N))-RBS(Rhol))
11476 Dull-C
11466 E-SCSIN(A2S(Bet&(N))-AlS(Rhot))
11496 Tdolta.E'D
11566 Arho2=A3S(3*%taN))4ATN(TdeltA)
11516 Rho2u-1.Arho2
11526 NorfalAnN2/N3*SIN(AS(Rho))-SIN(RSRho2)) f CONPUTE ALPNA2 r (RNO2)
11536 B=N2xN3*COS(Rhol )-COS(Rho2)
11546 TanorswA/9
11556 Anorm.ATN( Tanors)
1156 Thetal mAIS(Rhol )-Anoirm
11576 Th*%aruABS(Rho2)-Anorm
11sts Harma-I#Anora
11590 Al pha96#Meorm
1166 SUSEND
1146 SUP Family
11426 OPTION BASE 6
11636
11640 CON AlphaTalphaRhoTrho,Rholiniil,Tr-heiRho,Trho,Rho2,T-ho2
11450 CON F,Z3,Z4,Nora,Thetal,Tdelta
11460 CON DateS,PlotS,FaailyS,ChartS,MainS,Nail,FlagS,YihaadS

11600 CON StuffS,PedraMS,Digitiz.S,Raytac.S
1146 CON INTEGER 1,J,Y?61oop,Nray,Nraychart,N,-afaaily,Nrayvstuff

176 CON INTEGER Nravtrace.Nraydnsty,Addray,c,s,Nbta,Flaq

11720 CON INTEGER LinecountLin* MaX,Nlncrmin%,Nltttal,Pselect,Npib
11736 CON INTEGER FalySurf -no
11746 CON REAL Theta-criticalTeI,N1,N2,N43,Deltavray,Y0,Ya,Yb,Apeiture
117506
11746 CON Y-bul let,Saxfami lyPercent image
11776 CON XI(*),Y1(4),Xc(4)tX2(4), Y2(*OX2max(e),Y2m~c(e)
1176 CON Y3(e)1 Y4(.),Bta(*),S2(*),xaurfax(*),YsurfmaLX(O)
11796

1160 CON @a(e),Smax(*),Alphia2(*),Rh02(e),Hlt(e)

11616 II
110206 THIS ROUTINE COMPUTES AND DRAW$S A FAMILY OF SURFACES USING THE
11£030 1 THE DESIGN CHART DRAWN IN SUBROUTINE CMART
1S40 1 THE ROUTINE TAKES THE END POINTS OF EACH CURVE OF ALPNA2 VS S
1160 ! AND DRMS A SURFACE USING ALPNA2 TO DRAW A LINE TO INTERCEPT TNE NEXT
11040 P RAY. THESE SURFACES ARE THEN THE NAXINUN SURFACES FOR EACH PARAMETER

116?6 I BETA.

116,0 .1 WHEN STUFFSe"Y" THE ROUTINE GOES THROUGH THE I LOOP ONCE (le FOR

1190 1 ONE SURFACE) AND THE J LOOP NRAY STUFF TINES.I
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11936 Fast ly~w"Y"
11940 CALL Meador

1 1956 YmaxnY bullet
1196 LINE TYPE 1

1 1976 LDIR 9
1196 LORG 5
1199 CS zE 15/4.34
12066 Plaque RESET CONDITION
1261@ Wrayi family-Hray
12:20 D IF (Stuff*."Y") OR (StuffSu"y') THEN Nray familyaNray stuff
12636 DawaxeS: CALL Plot I DRAW$S AND LABELS THE AXES
12640 Step EaallymINT(Nrvyfaa,1W169)
126N56 lt ul: IF Step faaily<n@ THEN Stcp familyal

1266 FstsrLINE TYPE 8 DRAW THE FIRST SURFACE
12676 MOVE 0,0
12666 X*Ymax/Talpha
12s96 DRAW X,YftaX
1216 DRAW 166,Ymax
12116 IF (Stuff*.*Y") OR (StuffS"y") THEN Delta-b
12126 EXIT GRAPHICS
1236 DEEP
12146 Y~u"N1
12156 INPUT "DO YOU WANT TO DRAW IN THE INCIDENT RAYS ? Y/H",Ys
12166 IF (YS'N*) OR (YS--n-) THEN D*Ita~b
12176 GRAPHICS
12166 LINE TYPE 3 t
12196 FOR I=Sepfaa~ly TO Mrayaaly STEP Step fafhly
12266 MOVE 0,YI(I)
12216 DRAW XI(I),YI(I)
12226 A=Xl(I)-Y1CI)/Trhot
12236 DRAM A's
12246 NEXT I
12256 Delta b*GRAPHICS
12266 IF (StuffS=uY*) OR (Stuft~wly") THEN Step fami yI1
12276 3luYl(Stepfaally)-XI(Stepfaaily)*Trhol
12266 B2sYl(Stepfaatly.1)-XI(Stepfaatly.1)*Trhol
12296 DeltabmB2-21
12366 Sartinqpolnts:FOR ImS%&pfaaily TO ,'a rfamily STEP Step family
12316 Jot i PRINTING PURPOSES
12326 Flag aiversG ! RESET CONDITION
12336 Flag nog=S I RESET CONDITION
12346 SEIr*%uSlastuSmax(I)
12356 IF (Stuf~nY") OR CStuffS"y*) THEN SffrstoSlastogmax(Family)
12366 S2(I)=Slass 1 FOR STUFF ONLY
12370 Delta,.xsuut.S2(I)CCOS(Rhol)
12300 Deta&ysurfo2(I)SIN(RhoI)
12396 Xsurf21mX1 I)+Delt&_xsurf
124" Ysurf21uY1( I )+Del t&ysurf
12416 IF (Stuff~m1Y*) OR (Stuff~wmy") THEN Xsurf21wX(Fafly)+Dlt&-xsu

12426 IF (StidffuY*) OR (Stuff~my") TNEN Ysurf2loY1(Family)+Dvltaysu

12436 IF Ysu-f21(S THEN GOSUD Negysurf i THE STARTINGPOINT
12446 X2(1)oXsurf21 I is EEAH THE X-AXIS
12456 Y2( I )Ysurf2l
1246 Xsurfmax(I)uXsurf21 ITHESE ARE THE MAXIMUM (XY) COORDINATES OF THE
12476 Ysuirtmax(I)=Ysurf21 ! RAY.IN THE LENS
12406 IF Flag nequl THEN GOSUD New-s
12496 Trho2loY2(1)/(X2(t)-F)
123" Rho2CI)sATN(Trho2t)
12516 Alpha2i=Alph&2(t)
12529 IF (Stufftn"Y* OR (Stuffll."yl) THEN Alph&2imAlph&2UFa~ly)
12536 If Alpha2f~wq6 THEN Nex_4
12146 TalphN21wTAN(4lph&21)
12s56 3surflYsurf21-Xsurf2eTalpiaZI
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C 12566 XsuvrI astaxsuq-f2t
12576 Ysuvfl astwYsurf21

12590 IF Ltno count>Lmno-max T14EN CALL. Meador~

12606 PRINT USING 134?S;1,J,Rho2cJ),Xsurflast,Ysurflast,Slass,Alph2i
12610 Line countuLin* count+1
12620 LINE TYPEI
12630 CSIZE 2.5
12646 LONG 2
12650 MOVE Xsurf2l,Ysurf2l I THE STARTING POINT4
12666 Surfacos:FOR J.I+1 TO Hray family IDRAW THE PARTICULAR SURFACE
12676 3nextwDI.(J-1)*Del%&b
12666 Mumxsuui-Bnext-Bsurfl as%
12696 Xsurfnexts~umxsurf/(Talpha21 -Trhol)
12766 Ysurnext.Xsurfnext*Trho1*3next
12716 X2(J~mXsurfnext I ONLY USED FOR STUFF. DON'T USE AN IF
12726 Y2(J)*Ysurfnoxt iSTATEMENT IN ORDER TO SAVE TIME
12736 X 106
12746 CALL Xlpos(XI,Ysurfnext)
12716 IF Xsus-fnext(.Xl THIN GOSUB Y1
12760 DRAW XsurfnextYsurfnext
1276 Xs2w(X1(J)-Xsurfn~x%)-2 1 COMPUTE NEXT VALUE OF S BY
12766 Ys2u(Yt(J)-Ysurfnext)-2 EXTENDING THE RAV FRO14 THE
12790 Snext*SQR(Xs2+Ys2) PRESENT POINT TO THE NEXT
12660 S2(J)senex% 1 ALPNA2 VS S LINE
12616 IF A2S(2eta( ))AU9S(Rho1) THEN CALL Nfqh tegfon(Snwxt,Alpha2t,J>
12626 IF A3SC2*ta(J))<uABS(Rh*1) THEN CALL Lciwar~gicn(Snex%,Alpha2t,J)
12636 Rhc2(J)zRho2
12640 Alph&2(J)uAlpha2i
12656 IF Lin: count )Line max TNEN CALL Header
12066 PRINT USING 1347e;I,J,Rho2(D,XZ(J),Y2(J),S2(J),Alph&2cJ)
£2970 Lin* ccuntsL in. ccunt 4'
12066 IF AlphAZi~s99 THEN Nexti
1290 Talph&2iaTANARlph&2(J))
£2900 Isurfnext aYs4rfn.xt-Xsurfnext eTal pha2i
12910 2surfl "%%surfnext
1 2926 Xswrfl st"Xsurfnext
12930 Yswrfl a Ysurfnext
12946 IF (Stuft$*Yl) OR (Stufileuy) THEN 12979
12916 X2max(I)wXsurflas% USED -TO DETERMINE APERTURE FOR STUFF
12960 Y2max(I)nYsurflast
12976 IF Flag -oeral THEN Next i
12966 Nex%_j: NEXT J
129"0 Next-1: IF Line-count)Line max THEN CALL Heador
13060 PRINT
13610 Line countaLine ccun%+1
13626 trFStuffsu*YT1 OR (Stuffi0.y) THEN 13636
13030 IF Flao ovevue THEN GOSU2 Label surf

13640 IF (StufsmY") OR (Stu flsu')-THEN 13666
13616 NEXT IF
13666 IF (SuSe4Y) OR (S~u4*0*y*) THEN GOSU2 Yb

* 13096 Fias3
13160 CALL Graph
13110 Family$*",~
£3120 CALL Hoader end
13130 SUNEXIT
113140 YI: Flag overul
13150 Xsweinextulsuvflas'(Talpha-Talph.21)
12160 YsawnxsXsurinext.Talpha
13176 MOVE XsurinextYsurinext ITHE ENDPOINT
131410 CSIZE 3
1396 LONG 1
13260 IF (IuEe)OR (Stuffisun") THEN LABEL USING 13416;1
132160 IF (StuffiEaY") OR (StuiSuy') THEN LABEL USING 1341@;Famtlv
13226 MOVE XsurfnextYsurfnext PLACE THE PEN BACK ON TOP OF THE POINT
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13230 RETURN
13240 New-*: Sy2nY2(I)-Yl(I)
13256 Sx2uX2(l)-XI(I)
13260 S2Iu)SQRSx2+Sy2)
1327: 0 RVETURNF
13200o yu#'f: Fag nognl IIF, FOR SOME NUMERICAL REASON Yl1 <
13290 AuXlZI)-Y1(I)/T-hot
13366 IF (StuffSe"Y") OR (StuE6Smy*) THEN AmX1.tFauIly)-Y1(Faajly)/
TrhioI
13310 XsuvE2leA 1 START AT THE X-INTERCEPT
13320 YsurfZlaS
13330 RETURN
13340 Label surf: MOVE xsu#riastYsui-flast !THE ENDPOINT
13350 CSIZE 3
133"6 LORG I
13370 IF (Stuff$S*N") OR (Stuff$-"n") THEN LABEL USING 1S410II
13300 IF (Stuff$S"Y") OR (Stuffuy") THEN LABEL USING 13410;Faail

13390 MOVE XsurflastYsurflast IPLACE THE PEN ON TOP OF THE POINT
13400 RETURN
13410 IMAGE K
13420 Yb: BsmmYlmax(Faaily)-X2max(FamIly)*Trhol COMPUTE THE UPPER LIMIT
13436 Xlwlsm/(Talpha-TrhoI) !OF THE APERTURE. THIS IS THE FINAL VALUE OF
13440 Yb-YI=XI*Talpha THE APERTURE
13450 AperturanYb-Ya
13460 RETURN
13470 IMAGE 2X,DDD,5X,DDD,3(5X,DDD.DDD)
13400 i THE IMAGE STATEMENT IS FOR: 1,J,Rho2(J),X2<J),Y2<J),S2<J),AlphaZ(J)
13490 SUDEND
13500 SUN Ray .trac.
13516 OPTION BASE 0
13520
13530 COM Alpha,Talpha,Rho,Trho,Rho~initial,Trhoi,Rho1,Trho1,Rho2,Trho2v
13340 CON F,Z3,Z4,Noem,Thotal,Tdlla
13550 CON Date0,PletS,FaallyS,Chart$,MainS,Mainl8,Fl4LgS,Y hard$

13570 COM StuffSRedrawSDlgitizeSRaytva~.
13500 CON INTEGER IJYG.joopNtrayNrychart.ayfailyHray-stuff
13590 CON INTEGER Nraytrace,Hraydnsity,Addray,Hc,Hs,Nbeta,Flag
13600
13610 COM INTEGER Line countLlnemaxH incr.mntHlt-tota1 PsoloctHpib
13620 COM INTEGER Family,Surftno
13630 CON REAL Theta critical,Tol,NI,N2.N3,D*ltajay,Y,Y,Yb,petu-.
13640 1
13650 CON Y bu1 ltSmax fam lyPe.cent image
13666 CON XI(e),YI(9),Xc(*)X2(*),Y2(*),X2ax(*),Y2max(*)
13670 CON Y3(e),Y4(e),B.ta(e)pS2(e),Xsurfmax()Yurfmax(*)
13600 1
13690 CON 0a(e),Smax(*),Alpha2(e),Rtho2(.),Hlt(*)

13716 i
13720 1 THIS ROUTINE CONTROLS THE RAY DIAGRAM FOR AN ARBITRARY NUMBER
13730 t Of RAYS WHICH 19 ENTERED BY THE OPERATOR IN RESPONSE TO A PROMPT
13740
13750 I THE ROUTINE CONTROLS THE PITTING OF A POLYNOMIAL TO A SET OF POINTS
13760 W HEN AN ARBITRARY RAY DOES NOT COINCIDE WITH A RAY COMPUTED IN STUFF
13770
13700 DEC
13790 Ray traceslY.
13100 So1.ctulf
13010 EXIT GRAPHICS
13020 Y~o"N
13030 INPUT *DO YOU MANYT A HARD COPY Of ALL OF THE GENERATED COEFICItNTS Y/?N"
'YS
13040 IF (YuY") OR (YSmy") THEN SolectmO
13650 .Grapoicsol
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EI~t 13676 N*4
t3066 CALL Driuer(H,Select,X,GraphiCS)
13696 RaytraceS."N-
13966 SUDEND
13910 SUD Drtvr(NSlectInpu,Gr~ohics)
13926
13936 OPTION BASE 1
1139460
13956 CON Alpha,Talpha,Rho,Th,Rholnitia,Trhol,RhoI,TrhoI.Rho2,Trho2
13966 CON F,Z3,Z4,Norm,Th*tai,Tqelt&
13970 CON Dat.S,PlotS,FaailyS,ChartS,NainS,MainlS,FlagS.Yhard$
t39966
13996 CON StuffS,Redraus,DlgltizeS,RaytraceS
14666 CON INTEGER I,JYS loop,Nray,Nraychasfl,Nrayfami ly,Nray stuff
14610 CON INTEGER Nraytrace,NrayVdenslty,Addray,Nc,Ns,Nbeta,Flag
14026
14636 CON INTEGER Line eeunt,Line max,N incrent,Hit total ,PselectdHpib
14646 CON INTEGER Family,Surf no
146:6
1466 ;1N Xx(N),Yy<N),ASE21,3SC2],Coeffs(9:19)
14070 PRINTER IS Select
14666 Qo4
14696 P: Degrewo3
14106 CALL Polynomial (Xx(*),'y(*),NDegreCOteffs(*),RegssgRIossoTet4lss,Re
gas Reams, F, Dft-g, Dros, Dfto, Abort)
14116 PRINT *Coefficients:"
14126 FOR 1=6 TO Degree
141.36 PRINT USING 14140;1,Coeffs(I)
14146 IMAGE ~(DD),
14156 NEXT I
14166 PRINT LINCI)
14176 GOSUS Rovtable
14166 IF Graphics AND (SelectoIS) THEN WAIT 2606
14196 IF Graphics THEN CALL Plot cubic(QA,3,Coeffs(*),Xx(*),Yy(*),N.Dogr*@
*.S*l@Ct)
14266 SUDEXIT
14216 Print: PRINTER IS Select
14226 PRINT LIN(2),SPA(2)*DATA'
14236 FOR lot TO N
14246 PRINT USING 14256;I,Xx(I),YV(I)
14256 IMAGE 'Point DD:XXDD.DD5sYu3.DD
14266 NEXT I
14276 PRINT LIN(2)
14206 PRINTER IS 16
14296 RETURN
14300 Aovtable: PRINT USING 14316
14316 IMAGE *Sourc* *IX* D*I1X" SS"13X" MN512X"F",
14320 PRINT USING 14336jDfr.Regss,Regms,F

14336 IMAGE "Regresslon*SX,MDD,4X,NTD.3D,4X,NTD,3D,5X,N4D,3D

14346 PRINT USING 14356;DfresResss,Resms
14356 IMAGE *Rtsidual -SX,NDD,4X,MD.3D,4X,N?9.33
14366 PRINT USING I437SI.9ftotTotalss

14376 IMAGE "Total SD,,M.3/''''I

1426" SUDEND
14466 IUD PaoIynomf at (xc*), Y(*),H, Degree, Coeffs<*), Regss, Resss, ra Iss, Regos, Ross

14416 OPTION BASE 6
14420 DINMarxDgeerenvDgeere,(ere
144361 REDIN Coefs*(vgree)
14446 If D~gre*>N-2 THEN SUBEXtT ICheck ear higher degree than possible
14456 Dfrtgollegre
14446 11fresoN-1-Degre
14476 Vftot-Dfr*9+Dfres
14460 FOR K=4 TO Degree 1 Set up system of equations
14456 FOR linK To Degree
14560 M&%rlxCX,J)wG
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14516 FOR lot TO N
14526 Matrix(K,J)*Natrix(K,J)+FNG(K)*FNGCJ)
14536 NEXT I

14546 Matrix(J,K)41M&%tx(K,J)
14556 NEXT J
14566 S(K)NO
14576 FoR lot TO N

14566 S(K)-$(K)+Yct)*FNG(K)
14596 NEXT 1
14666 NEXT K

14616 MAT Inv-INV(Matrix) I Solv& the system of equations
14626 MAT Cooefsanv*l

14636 FOR l TO N

14456 X2oX2+X(I)*X(I)
1466 YIOYI+Y(I)
14476 Y2.Y2*Y(I)OY(I)
14666 ZaZ+X(I)CY(I)
146"0 NEXT I
14706 YluY1/N
14710 XlwXI'N
14726 ToalssnY2-N*Y1#YI I Total Sus of Square

14736 GOSUB Rags* Regression Sum of Square&

14746 ResssmTotlss-Rwgs% Residual Sum of Squares

14756 9 mues'fe
14766 0 mueas~e
14770 Foaegms/ftes
14766 SUNEXIT

14600 FOR lo1 TO N

14616 Joe
14626 FOR LoO TO Degree

14036 JuJ+X(t£)-L.Coeffs(L)
14046 NEXT L
14656 Regssuftegss+(J-YI )'2

(1466 NEXT I
14976 RETURN
14606 SUSEXIT
14090 DEF FNG(M)wX(I)"M
14966 SUSEND
14910 SUB Plot cubtc(Q,A,3,Coeffs(*),X(*),Y(*),N,Degree,Select)
14920 IF AdichdvceI1 THEN GRAPHICS

14926 DATA -2,-1,1,2
14940 READ U*,Dm,Md,Mu
14956 DATA .39794,.69897,.97596
14966 READ Log2,Log5,Log7
14970 XainuFN~in(X(5),M)
14960 Xmax=FNai(X(#),N)

14990 LxsLGT(Xmax-XU i)
15016 YmaxuFNMan(Y(),N)

15020 LyuLGT(YnaM-Ymi n)
15626 Xfudgem.20#(Xm5x-Xmtn)
15046 Yfudgeo.20*(YmaxYmtn)
1505 Seup: IF Plotso"P* THEN P9072
15666 Crt: PLOTTER IS 'GRAPHICS'
15676 GOTO 15696
1506 P9872: PLOTTER IS Pselect,HP~b,*9O72A
15090 GCLEAR
1516" GRAPHICS
15116 LOCATE 23,123,0,16
15120 FRANK
t10 LINE TYPE I

15146 SCALE Xmtn-XtudgeXaxYoinlYtudqeYU~
19139 Tes~xIIc=FRACT(Lx>#(Lx(0)
Isis$ TestytcFRACT(LV)*(Ly(S)
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15106 Ytlca1S-(INT(Lx>-t)*(1a1.5*((Ttstytic>Log2) AND (TessxtiC(L0gS))+4*

((Testvtlc)-Loq3S AND (Testytic<.Log7)>+6.Se(Ttstytic>Log7).
15196 CALL Laxes cubtc(XticYticXminYmiln , 2,Xoin-Xfudge,XmaxYmin-
Yfudge,Ymax)
15296 LONG 5
15216 FOR 1-1 TO N
15226 ROY[ X(I),Y(I)
15236 LABEL USING 13240;-*-
15246 IMAGE A
15250 NEXT I
15266 LONG 1
15276 PINUP
15260 EXIT GRAPHICS
15296 SUDEXIT
15306 Polynomial: SETUU CHECK THE EARLIER PROGRAM FOR THESE PARAMETER VALUES
15316 CLIP 0,123,6,100
15326 LINE TYPE i
15330 LIN; TYPE 6
15346 FOR luXmin TO Xmax.Xfudgo STEP (Xmax+Xfudge-Xoin)/3S
15354 Joe0
15366 FOR Lug TO Degre
15370 3.1*P^L*Coeffs(L>
15366 NEXT L
15396 PLOT I,J,Md IOR DRAW 7??
15400 NEXT I
15416 PINUP
15426 EXIT GRAPHICS
15436 SUSEXIT
15446 DEP FNMax(X(*),H)
15456 XTX()
1546 FOR 1-2 TO N
15476 XUMAX(XX(I))
15466 NEXT I

t15496 RETURN X
15566 DEP FNN~n(X(*),N)
15516 XwX(1)
15526 FOR 1.2 TO H
15536 XONIN(XX(I))
15546 NEXT I
1355 RETURN X
15166 SUD Header
15576 OPTION BASE 6

15590 CON RlpftaTlph,Rh9,Trho,Rh.Itntal,Trho,Rhol,Trho,h2,Trie2
15666 CON F,Z3,Z4,Morm,Thetal,Tdelta
15616 CON DateS,PlotSFa.i lyS,ChartlMaiinS~flanlSFlaqS,Y hard$
15626
15630 CON Stuff$, RedrawSD0191tti es,ay_ trac*I
15646 CON INTEGER IJ,YS leop,Nvay,Nray chars,Hray famil y,NrayIstuff
15656 CON INTEGER NratD...tac,Nraydnsty,AddrayNc,Ns,Hb~lt&,Flag
13660 1
15676 CON INEGER Line coun%,Line -max,N~increment,Nlttta,Pselect,Hplb
1566 CON INTEGER Fainlysuwf m
156496 CON REAL Theta _crltlcal.ToI,N.2,H3,Delta _ray,Y6,Ya,Yb,Apertur*

15716 CON Ybu wlet,Smax~faat y,Percent ca~ge
15726 CON XI(.),YI(e),Xc(e),X2(),Y2*),X2mex),Y2aax(e)
15736 CON Y3(o,9Y4(e),3eta(eS82(e),Xsurm(),Ysurfmaxc(e
15746
15716 CON Q()5a()Ap~,h~eNt
15760 1
15770 INTEGER 2, Zt abl,Ztab2, t ab3,Chau Ut n, Chaamajx

15796 1 THIS ROUTINE DRAWS THE HEADER FOR PRINTED OUTPUT FOR THE FOLOWING
150" 1 ROUTINES:
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1461

t 161 1) CHART
15626 1 2) FAMILY
15636e 3) STUFF
15460 4) RAYTRACE
15656
1548 1
15476 I
156as6 THIS ROUTINE DRAWIS AND PRINTS THE HEADERS FOR TABULAR DATA.
156996
15966 DEG
15916 ZabluDS THE ZTAB'S CAN BE USED TO POSITION TABLE HEADINGS
15926 Ztab2s27 1 FOR THE PRINTED OUTPUT
15SM Ztab3lI3
15946 IF (MainsuYI) OR (MAinsny") THEN Main
15956 IF (Mainl~w*Y") OR (MinlSsy*) THEN Maini
15946 IF (Ray traceS"Y") OR (Ray trac&*'y*) THEN Ray trace

*15976 IF ( Charts.Y") OR (ChartSy") THEN Chart
15966 IF (FaailyS"Y") OR (Familysly") THEN Family
15996 IF (StuffP"Y") OR (Stuf.Y") THEN Family
1600 Main: PRINT PRGE;LIN4(2)
1616 G06UN Char -long
1626 PRINT LIM(1);TAB(Z%&b2);-IHITIAL PARAMETER VALUES-;LIN~l)
14636 GOSUS Char -long
1640 PRINT LIN(2)
1650 SUBEXIT .1
1646 Mmi: IF'Line couA%>Lint max 'HEN GOSUB Heador end long
14676 PRIHT PAlg;LIH(2)
14666 Line counting
1ISO" GOSUR Char -long
141es PRINT LIN(I);-TA2(Ztab3),-RAY an Smax Alpha2
16116 DISP TA2(Z%&b3),"RAY an SMaX Rlpha2

RHO V*
14126 GOSUB Char -long
16136 PRINT LIH(2)
14146 SUDEXIT
14156 Chart: IF Line ceun%)Line max THEN GOSUS Neaderendlong
1416 PRINT PAGd;LIN(2)
16170 Line counting
1sl66 GOLUD Char -long
14196 PRINT LIN(1),-RAY BETA THETAICRAY) NORMAL RHO 2

S ALPHA 2-;LIN(ID
1da@* lISP RAY BETA THETAI(RAY) NORMAL RHO 2

S ALPHA 2"
1416 OSUIS Char -longi
1126 PRINT LIM(2)
14230 SUSIXIT
14246 Family: IFLine coun;)Llne max THEN GOSUS Headereond long
1646 PRINT PAdf;LIH(2)
16166 Line couns*'O
14176 GOiUD Char -long
11660 PRINT LIM(1);- Begin Next Xzurf Ysurf S

Alpha2 RHO 2"
14296 PRINT W ay Ray (next) (nx) (next)

(next) (nex%)*;LIN(1)
14360 DISP begin Next Xsurf Yaur? S

Alphal RHO V*
14316 GO1U3 Charlong
14326 PRINT LZN(2)
14336 SUllXIT
1:346 Ray-trace: IF Line coun%t Lne max THEN GOSUB Headrend long
14356 PRINT PAGI;LIN(2)
14346 Line countal4
14376 GOJUS Charlong
14366 PRINT LIN(1),RAY XG ye Xt Y1 X2 Y2

XG YC X4 Y4 *;LIN(I)
143"6 DISP "RAY X9 Ye X1 VI X2 Y2

154

-~ Him.



Xc Yc X4 Y4

1:6 GOSUR Char ln

1 41 PRINT LIN(2)

1:43S Char log FOR Z;SZTo 79A
1 44 IF .79 THEN PRINT CNRS(228)
16456 IF Z=79 THEN 16470
16460 PRINT CHRS0228);
16476 NEXT Z
1:466 r!TURN
1646 Char shr: Char minsI2 THIS ROUTINE CAN BE USED FOR SMALL TABLES

16566Char max 64
11611 FOR-ZuChatmin TO Char max
16526 IF Z=Char min THEN PRINT TAB(Char miu)
16536 IF ZwChar max THEN PRINT CMRS(229)
16546 IF ZuChat m4ax THIN 16566
1655 PRINT CNRS(226);
16530 NEXT Z
16576 RETURN
16509 Hader-andlongl PRINT LIN(2)
16596 GOSUB Chat long
1666 RETURN
16616 H*adtrend-shor: PRINT LIN(2)
16626 GOSUB Char-short
16636 RETURN
1646 SUDEND
16656 SUB Header-end
16666 1
16676 CON Alpha,TalphaRhoTrhoRhoinitlalTrhol,RholTrholRho2,Trho2
16666 CON FZ3,Z4,Morm,Thwtat,Tdelt&
16696 CON Date5,PtotS,FaailyS,ChartS,MainS,HainlS,FlagS,Y-hatdS

16716 INTEGER 2,Chartain,Chatmax
16726 1 THIS ROUTINE DRAWS THE FINAL BOTTOM LINE OF A TABLE. SUB HEADER ABOVE
16730 9 DRAWS THE BOTTOM LINES OH PAGES OF TABLES WHILE OUTPUT IS STILL BEING

16746 9 CALCULATED
16750 1
16766 PRINT L1(2)
16776 FOR ZwS TO 79
16766 IF 2.79 THEN PRINT CHRS(226)
16796 IF Z=79 THEN 16616
1"6 PRINT CHRS(220);
16806 NEXT Z
16626 SUDEXIT
16630 Short: Char m1nw26 I THIS ROUTINE CAN BE USED TO FINISH A SMALL TABLE
1464 Charmaxm66 I TO USE, INSERT AN IF STATEMENT AFTER THE PRINT LIN
(2) ABOVE
16050 FOR ZuChar min TO Char max
16860 IF ZaChar-min TNEN PWINT TRI(Char min);
16870 IF ZsChar-max THEN PRINT CHRS(220)
16010 IF ZsChar max THEN 16966
166m PRINT CNRT(220);
169"0 NEXT Z
16916 SUDEXIT
16920 SUB Stuff
64930 OPTION BASE 6
16940
16956 CON AlphaTalphaRho,Trho,Rhoetnftal,Trhol,RhoI,Trhol,Rtho2.Trho2
16940 COM F,Z3,Z4,Norm,Th~tat ,Tdel%&
16976 CON Dat.S,PlotS,Famall.,ChartS,NatnS,Mat1,FlaqS,Y-hardS
169996
16990 CON t4SRdaSDgteSRyraS
17060 CON INTEGER t,JY6 loop,Nray,Nrav chatt,Nray famlyNrayi stuff-
0106 CON INTEGER Hrayt rc ,ray.dns Ty, Addra, ic, Ns, "be% &gil 4

17036 CON INTEGER Line coufltgLin maxNmncrea~ntNfttoalPselectHpvb

1790 CON INTEGER Fail,,surf-no



050 CON REAL Theta criti cal,Tol,NI,N2,N3,D*ltairay,Y,Y,Yb,p,-tuvea

1706 CON XI(*),Yl(4) ,Xc(.),X2(*) ,Y2(* ,X2max(*),Y2max(o)

17090 CON Y3(.).Y4e*),3etae*,S2(*,Xsurfmax(*,Ysurfmax(*
1710I
17110 CON M ,~'Apa'Ro.N~
17120 1

17130
17140 1 THIS ROUTINE COMPUTES 256 POINTS OF THE SURFACE CHOSEN IN FAMILY
17130 1 THESE POINTS ARE THEN USED IN OTHER ROUTINES TO TRACE AN ARBITRARY
17166 1 NUMBER OF RAYS THROUGH THE DESIGN SURFACE
17170
1710I17190 DEG
1720 IF Y2max(Fautly)wY1(Faaily) THEN YbuY1(Family)

17210 IF Y2max(Faily)=Y1(Family) THEN Initialize
17220
17236 Yb: 3smuY2axFaaily-X2aaxFamitl)eTho1 COMPUTE THE UPPER LIMIT
17240 Xl=Bsm(Talpha-Trhol) I OF THE APERTURE. THIS IS AN ESTIMATE FOR
17250 YbUYI=XI*Talpha ! THE APERTURE NAY CHANGE IN THE F1INAL DESIGN
17266 Apertu.-euYb-Ya I THE ESTIMATE IS REQUIRED TO CALCULATE DELY BELOW
17270 Initialize: If (Redrawss'Y") OR (Redrass"Y") THEN Redraw! INDICATES

17290 Ap~rturenYb-Ya

17300 YO m~nuY&*Talpha-TrhoiwTlpha ! REDRAW TO ANOTHER SCALE
17310 Y9 maxwYb*(Talpha-TrhaI )'Talpha
17320 Nray stuf259
17330 INPUT -NOW MANY RAYS DO YOU WANT TO DRAW THE SURFACE WITH CDE
FAULT w 256 MAX) ?",Hray stuff
17340 IF YamS THEN Addjray-9
t7350 IF Ya<>0 THEN Add ra9/-1
17360 Xnrays~rayi stuff 1 AVOIDS MIXED MODE ARITHMETIC
17370 * Delyi(YOmax-YOmln>/Xnray(17300 Y9 oin=Y* min-DeIV
17390 TF Yams9THEN Y9_mlnwY9_in+Dely
17400 HraystufaNraystuff+Addray
17410 FlagmO
17420 Ma-0
17430 X2(Ns)aS
17440 Y2(Ns)wo
17450 setaCNs)so
174"0 Start: Stuff$u-Y-
17470 FOR [at TO Nray stuff I COMPUTE THE COORDINATES OF THE INTERCEPT
1746 Flaque I OF THE INCIDENT RAY AND THE FIRST SURFACE
17490 HuG
17500 Rheulho Initial
17n1o TrhosTAR(Rhe)
17520 YwY0_min+Dely*iI
17530 Msw~s#I
17540 YI(Ns)sY
17550 CALL Xlpos(l4,Y)
17560 Xt(Ns)ww
17970 N~xttf NEXT I
173041 DEEP
171190 YON*M
17600 INPUT "DO YOU WANT A HARD COPY OF THE COMPUTED DATA ?P Y/'Y*
17610 IF (YSuY*) OR (Y~wmy) THEN GOSUB Yhard
17626 CALL Chart
176 DEEP
17640 You'N"
10650 INPUT "DO YOU WANT A HARD COPY OF THE CHART ?P Y/N*,Y$
17660 IF (YSOOY") ORt (YSy*) THEN GOSUB Dump_4t
1?46 YSO"N
17400 INPUT *D0 YOU WAN4T A HARD COPY OF THE COMPUTED DATA ? Y.N",Y$
1IN0" IF CYS*Y) OR (Y~sy*) THEN GOSUI Yhard
1770 CALL Fami ly
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17720 ReUraEi T9sY

17746 CALL Plot
17750 LINE TYPE 0
17740 MOVIE 6,0a
17770 DR:AM Y buIl~t/T&lph&,Ybu)I*%
17744 ad am 6,Y bul let
17790 MOVE X2(1),Y2(l)
17066 LINE TYPE I
1790 FOR 102 TO Nrays stuff
17020 DRAM X2(I),Y2(1)
17S0 NEXT 1
17646 MOVE X2(1-I),Y2(1-1)
17056 LONG 2
17066 LABEL USING 17079;Faaily
17076 IMAGE K
17601 Red asw*"N
17696 of 1 &9*
17960 CALL Graph
17910 SUDEXIT

17926 Dueo it: PRINTER IS S
17929 PRINT CNRtS(27)I6lOT I
17940 DUMP GRAPHICS
17950 PRINT CNR$(27)S."t.12T'
17966 PRINTER IS 16
17970 RETURN
17960 Yhatd: Flaq~u"I1
17996 PRINTER IS S
0000 RETURN 'I

16616 SUBIEXIT
1620 SUB Dfnary.. search(XY)
16620 OPTION BASE 0
16646
16656 CON Alpha, TaIphaRho, Trh,RhoinitialTrhoiRhO1,T4I@1,Rho2,Trho2
16666 COM F,Z3,Z4,Noum,Theti,Td@lta
ISO76 CON Dat.S,PloSSFaai lySChasSMain8,Matn1S,Flaq8,Y-hard$
l10141664 I
16696 COM StufsR~drawSDigitizeSRt&t'ac*$
110 CO" INTEGER 1,J,YS loop,Nvay,Nray chart,Nrfay~famliy.Nray Stuff
16116 COM INTEGER Nraytrc,Nadelst,Add-ypN,N.s,Hbet&,Fl&Q
16126 I
16136 COP INTEGER Line count,Ltfle max,N~tncr.ent,Nit-tot&l,Psolect,Hpib

10140 COM INTEGER Fasily',Surf -no

16160 I
16176 COM Y-bul let,$suxaitly,Percent~imaqe
1160 COP X1Ce),Y1(e),Xc(*),X2c*),Y2(*),X2ax(*)Y24~c(*)
16190 CON Y3(.,Y4(),Sa.ZC*),S3Ce),XsuirfmaM(e),Ysurfmax(C)
10200 1
10210 CON Oa(e),Saa~,(o),Alpha2(*).RthO2(*),fit(O)
loan20
16236 1
16240 1 THIS ROUTINE FINDS THE INTERCEPT OF THE RAY 111TH THE FOLLOWING:
16ave0
16266 1) FIRST SURFACE
16279 2) SECOND SURFACE
1020 m 2 ) FIRST IMAGE PLANE
162g6 I 4) SECOND IMAGE PLANE
193020
16316 I
1026 DEG
16220 INF FHS(X,Y)sX-Y.*Trho2
10540 DEF PNAi(X.Y)w*-Y/T&lph&
10210 DUF FM~n(A)wA-Y-buleI-'Trh1I FINDS THE INTERCEPT Of THE RAY AND Yn-Y U
ULLET
6030 Trho2mTfW(Rho2) 1 RHO2 RUST It DECLARED ELSEMI4ERE
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10370 IF Surf *4 THEN Four
16360 Xc(Ygloop)UFN4A(X,Y) FIND THE X-INTERCEPT OF RH02
t6396 Three: Dy(23-X)'eTrha2
14106 Y+Dy
16416 XnZ3
1@426 SUDEXIT
16430 Four: DOiu(Z4-X)*Trh*2
t8446 YwY+Dy
16456 X=Z4
1440 SUDEXIT
10470 SUP Graph
10406 OPTION BASE 0

16566 CON Alpha, Talpha,Rho,Trho,Rho initia,Trhi,ho,Trho,ho2,Trho2

16546 CON StFfSZ,Redrm,Dh#%iTd*Saytrce
16156 CON INTEGERo$,~m IJ,6IOPN&Yrg Mal m ,n1*#Flag*9 Y hrd$~u

16566 CON INTEGER Nr&ytrace.Nraydmnsity,AddryNc,Hs,Nbeta,Flag
16576
10596 CON INTEGER Lim* coun%,Lintemx,N inc-ement,Nitttal,Psltct,H4p~b
16596 CON INTECER Family,Surf -no
16666 CON REAL That& criticalTol,NI,N2,N3,Dwla ray,Y9,Ys,Yb,Ap~rtur*

16626 CON Y bullet,Smaxfaaill,,Percentimage
10636 CON X1(*),YI(*),Xc(*),X2(*),Y2(*).X2max(e) ,YZmax(*)
16646 CON '3(*),Y4(e),3eta(e) gS2(0,Xsurfmax(*),YsurfSax(*)
16659
18666 CON Qa(*),Sma~x(e),Alphia2(e),Rho2(*) ,Nit(e)

16666s THIS ROUTINE DRAW$ THE GLN FOR STUFF AND RAYTRACE SUBROUTINES
*161696 AND DIGITIZES THE IMAGE PLANE POSITION (23)

16716
16726 DEG

416736 IF FlagsD TNEN WaitI
16746 If (DigitizeSsY-) OR (Dgt~~'~ THEN Digit
16750 Draw axes: CALL Plot
18766 First surf: FIXED 2
16776 LINE TYPE 6
16700 MOVE 6,6
16796 XwY bu1leltTalpha
166s6 DRAM X,Y bullet
1os16 DRAW 10,Y .butlet%
10620 MOVE 6,6
16636 DRAM X.-Y bullet
10046 DRAM 166,TY bullet
190560 2pos: NOVE X2(1,,Y2(lT
16660 FOR tw2 TO Nray_ stuff
111176 DRAW X2(I),Y2(t)
164414 NEXT I
1669" X2neq: MOVE X2(1),-Y2(l,
10906 FOR 1*2 TO Nray stuff
16916 NRAM X2(t),-YVI(1
10920 NEXT 1
10930 EXIT GRAPHICS
16946 YSO"N
10956 INPUT '00 YOU WANT A HARD COPY OF THE PLOT WITNOUT RAYS 1 Y/HN,Y$
10940 IF (YOmY") OR (Y~nuy) TNEN GOSUR Duaptt
16976 GRAPHICS
169s6 IF (Rtdra~"Y") OR (RedrawS.*i1) TNEN SecondImago
109" Fl ratt sag: LINE TYPE S
19006 NOVE Z3,Y bullet
1990 DAW Z3,-V bullet
19920 locendtfeae: LINE TYPE 6



19036 MOVE Z4,Y bullet
19046 DRAM Z4,-Y bullet
19656 REM DRAM THE RAYS
1960 IF (Ray tr&aceSY") OR (Ray trac&S"y") THEN Nryar4PhNrvy'r&c#
1976 IF (StuffSe"Y") OR (StuffS"y") THEN NraygraphmNray stuff
19060 First: LINE TYPE 1
19696 CLIP 0,I@,-Ybullet,Ybull
19t66 FOR lot TO Nraygraph
19116 MOVE 6,Y1(I)
19126 DRAM XI(I),YI(I)
19t36 NEXT I
19146 Second: FOR 1-1 TO Nray graph
19156 MOVE X1(I),YI(I)
1916 DRAM X2(l),Y2(I)
19176 NEXT I
1916 Firt imag*_p: FOR I- TO Nray_ raph
19196 MOVE X2(I),Y2(I)
19200 DRAM Z3,Y3(I)
19216 NEXT I
19226 Decision: MAIT 2066
19236 EXIT GRAPHICS
19240 DEEP
19256 YI"N"
19260 INPUT "DO YOU WANT TO PLOT TO THE SECOND IMAGE PLANE ? Y/N",YS
19279 GRAPHICS
19266 IF (Y*S.N') OR (YSm'n") THEN Mlit1
19296 Secondtmagep: FOR 1-1 TO Nray graph
19366 MOVE Z3,Y3(I)
19316 DRAM Z4,Y4(I)
19326 NEXT I
19336 Mitti: DEEP ! THIS ROUTINE PRESENTS THE PLOT TO THE OPERATOR
19340 WAIT 250 ! IF A NOTE TO THE OPERATOR IS DESIRED, ENTER SETGU,LORG 2
19356 DEEP i MOVE 2,2,CSIZE 2.5,LABEL "PRESS CONT",CSIZE 15/4.54,
19366 PAUSE I SETUU AFTER THE SECOND DEEP
1937 EXIT GRAPHICS
19366 IF (FlaguS) OR (Flag*3) THEN EXIT GRAPHICS
1939 SUDEXIT
19466 Digit: GRAPHICS I THIS ROUTINE CHANGES THE ANALOG POSITION
19419 POINTER F,S f OF THE IMAGE PLANE ON THE GRAPHICS DEVICE
19426 DIGITIZE Z3,Y I TO DIGITAL DATA FOR PROCESSING
19436 LINE TYPE 5
19440 MOVE Z3,Y bullet
19456 DRRM Z3,-Ybullet
19446 SETGU
19470 LDIR 6
19486 LINE TYPE I
1949 LORG 5
195e CSIZE 2.5
19516 Conterx-?2.5 I CHANGE IN LAXES AS MELL
19526 MOVE 1.SeCenterx,2
1"30 LABEL USING 19540;Z3
19540 IMAGE Image Plane : ",DD.DD," inch"
19550 SKTUU

19566 CSIZE 15,4.54
195 MAT 2566
Il6 EXIT GRAPHICS
1959" SUv9XIT
1990 Dump_it: PRINTER 13 6
1916 PRINT CHRf$(27)&%0l66T"
19426 DUMP GRAPHICS
19436 PRINT CHR6(27)I&136T"
1940 PRINTER IS 16
I19 RETURN
194W SUSEND
19476 SUD Xlneg(X,Y)
19466 OPTION ASE 6
39490 1
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C19766 CON Alpha,TalphaRha,TrheRhoinitialTrhoiRho1,Trho1,Rho2,F,Z3,Z4
19716
19726 DEG
19736 Alphano-1.Alpha
19746 TalpharnmTAN(Alphan)
19750 DEF FNYI(Y)-YTIphan/(Talphan-Trho) ! FINDS THE Y-VALUE OF THE INTERCEPT
19766 (IF THE RAY AND THE FIRST SURFACE
19770 DEF FNX1(Y)aY/Talphan !FINDS THE X-VALUE OF THE INTERCEPT OF THE RAY
19766 1 AND THE FIRST SURFACE
19796 YuFHYI(Y)
19666 Woops:X-FHX1(Y)
19616 SUDEND
19620 SUB Density
19636 OPTION BASE 0
196406
19656 CON Alpha,TalphaRheTrhio.Rhoinitia,T~hoi,Rho1,Trho1,Rhe2,Trho2
19966 CON F,Z3,Z4,Hor*,Thetai,Td*lt&
19676 CON Dat.S,PlotS,FailpS,ChartS,NainS,NainIS,Flag$,YhardS
19666
19696 CON4 Stuff5,RedrawS,DigitizeS,RaytlaceS
1990 CON INTEGER 1,JOYS loopHrLyHraychaat,Htrayfsaily,Nraystuff
19916 CON INTEGER Hr~yac.,Hraydensity,Addry,HcH,Nbett.Flag
19926 1
19930 CON INTEGER Line Count,Line *sx,N increnent,Nlt total ,Pselect,Hpib
19946 CON INTEGER FaatlySurf no
19956 CON REAL Theta critical,TolqN1,N2,N3qD~lta ray, Y90 YaYb, Sport ur
19966
19976 CON Y bul lt,Smax faily,P~rcent image
19966 CONt xT(*),Y1(e),Xc(*),X2(*), ?2(*) ,X2max(4) ,Y2max(*)
19996 CON Y3(.),Y4(e),Beta(.),S2(*),Xsurfmax(*),Ysurfmax(*)
26666
26616 CON Qa(*),Smax(*)pAlpha2(*),Rho2(*),Hit(*)
26626
26636 INTEGER tnc,K,L,M,Lines
266460
26656 DEG
2066 ! THIS ROUTINE CONPUTES THE RAY DENSITY IN ONE DINENSION.
26676 1 ASSUMPT IONS:
2066 1 1) THE POINT OF NAXINUN RAY DENSITY HAS BEEN FOUND VIA A
26696 1 DIGITIZE STATENENT.
26166 2) THE VALUES OF Y3 HAVE NOT BEEN CHANGED TO REFLECT THE
26116 1 NEW VALUE OF Z3
26126 1
26136 PRINTER IS 16
20146 Nray denst tyuN&ystu4
26156 Roedraw: FOR 1.1 TO Neay density 1RECOMPUTE THE VALUE OF Y3
20160 A.xc(I)
26176 XuX2(I)
26166 YmY2(l)
26196 Rho2aftho2( I)
262"f Teh*2=TAMN ho2)
26216 Same: Dea1yoZ3-X)*Trho2
26226 Y30Y.Del%&y
26236 Y3(I)sY3
2646 Del taym(24-Z3)*Trha2
220 Y4(t)mY3(1)+D*1%4ayi

26266 N~xt-i: NEXT I
26276 NitIzera: NAT HitoZER(2061) I ZERO THE ARRAY

26266 Inca# I FIND THE No. OF HITS IN THE INTERVAL
20296 ylasto-Y bul let I f-Y BULLET, -YBULLET+DELTA',23I
26366 DeitmaYbul let/Hincremvn%
26316 YnextuYlast+Delta/2
20326 H1%(Inc)6
26336 FOR lot TO Hvay density
26346 IF (Y3(I))uYlass) AND (Y3(t)(Ynext) THIN N~t(Inc)w~it(Inc).1
26316 NEXT I
26366 1imdde FIND THE No. OF HITS IN THE INTERVAL
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26370 C-Y bul let+DELTR-2, Ybul let -DELTA'?)
263660 FOR Lot TO 2*N incrtmont-I
26396 Incolnc#1
26406 Ni%<1nc).6
26416 Ylastunenxt
20420 YnextsYl "t+Delta

26516 FOR t O r density
246 I (Y (>Ylastwy) D (Y (<Ynqx<t) HEN Nltinat(Inc)tIn

2656 NEXT 1

2:460 HormaI"%: total~nc~ m 6 NOINLIZ THE No. OF HITS ON THEERL

26566 it t)ota.i !oa.HtI NYblot-.L~ OF HITSL

20519 FOR l.6 TO Na ncremety
26526 I Y3I)>-YtI)'Ntt tANDl31<Y~% HN i(n~~tI
26620 NEXT I
26696 Normai: e PHitttetl'rade9 NO OFARAY THARIE Ao FH TO THE
206646O Iecns TO 2N in.cement IMAGE PLANE3)TTETOA

26696 IF Nttotalwi) THEN Lonel

20600 FOR- ul=8t TObuletincLTAent

2676 IF it(Inc).60 THEN Labl-ar

26716 CLIP Xls,Xnext,8,Hit(Ine)
26726 FRAME
26736 GOSUB Dolt
26746 Middle-bars: FOR 1-1 TO 2*1N increment-t INTERVAL
20736 Incolncel C-Ybu1Iet.DELTAz2, Y-bullet-DELTA/2)
20766 XlastaXnext
26776 XnextsXl ast.Delta
26766 IF Hit(Inc)mS THEN Next i a
26799 CLIP XlastXnext,6qNit'Inz)-
206e6 FRAME
26610 GOSUN Dolt
26626 Next- It: NEXT I
20636 Last-bar: Incm2eN -increment INTERVAL CY bullet-DELTA/2, Ybulletl
2040 XIastuY-bullet-D*It&/2
2606 Xnextoy bull*t
26666 If MIT(Inc0uO THEN Label-
30676 CLIP XI 4st,Xnext,6,Hit(jnc)
266* FRAME
260" G06UB Delt
26906 Label_: Dtgtize6,.
20916 FIaq.3
20926 CALL Graph
26936 SU2EXIT
26946 Dolt: LinesmIS
20930 D*Itu(Xnoxt-Xlast)'Lin**
26066 NUXIast-Delt
26976 FOR Je1 TO Lines
20906 XStflelt
20990 MOVE X's
210" DORM X,MICInc)
21010 * NEXT J
21626 RETURN
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21636 SUIEND
21046.SUD Min(Xm(4),X,IHTEGER M)
21050 OPTION BASE S
2180
21:7: DIM Xm(M)

219 9
21890 I THIS ROUTINE FINDS THE MINIMUM ELEMENT IN A ONE DIMENSIONAL ARRAY
21100
21110 (aXaCO)
21120 FOR 1-1 TO M
21130 XuMin(X,Xm(I))
21140 NEXT I
21150 SUIEND
21168 SUB Max(X(*),X, INTEGER M)
21176 OPTION BASE 0
21166
21196 DIM Xm(M)
2126
21218 THIS ROUTINE FINDS THE MAXIMUM ELEMENT IN A ONE DIMENSIONAL ARRAY
21220
21230 X-Xm(S)
21246 FOR 11 TO M
21250 XUMAX(X,X<I))
2126 NEXT 1
21270 SUSEND

1

i

4

I
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APENI B

TRACE PROGRAM4 APNI DESCRIPTION AND PROGRAM LISTING

TRACE was the first program written for this thesis.

TRACE was written for the purpose of automating the task

of drawing the ray diagram produced when tracing rays

*through a conical lens with various second surfaces. The

program consists of a set of subroutines called from a

control program which are designed to perform a specific

task(s). A detailed description of each subroutine will

not be given because TRACE has extensive documentation

included within the program. However, an abbreviated

discussion of the geometric relationships at the first

and second surfaces and the bisection routine in subroutine

BINARY SEARCH follows.

TRACE occupies approximately 145 Kbytes of memory which

is approximately 77% of available memory (11). A listing

of TRACE is at the end of this appendix.

TRACE was designed to calculate the trajectory of up to

250 rays incident upon the first surface in the upper half-

plane as illustrated in figure B-i. All of the parameters

shown in figure B-i are provided by the operator except Z4,

the location of the permanent Image plane, which is set for

Z4 - 50 inches. All of the parameter values provided by the

operator have default values declared either in subroutine

DIALOGUE, line number 13810 or the MAIN routine, line number

10.
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TRACE calculates the complete trajectory of each ray

before proceeding to the next ray. Each surface is assigned

a number with the vertical axis, y, defined as the zeroth

surface. All incident rays originate on the y-axis and are

assumed to be parallel with the source at infinity. The

first surface shown in figure B-2 encountered is the exterior

of the conical spike which, in two dimensions, is a plane

perpendicular to the meriodional plane, the paper, with a

cone half-angle a. The incident angle makes an angle of

incidence 81 with the first surface normal fi at point T

according to

(a + IPI)

Noting that a = a2, p = INORMI- eR, NORM = 2- (B-1)

and applying Snell's Law sineR = (n1/n2)sin81  (B-2)

yields
ir

PR= a2 + eR -T

the ray angle in the lens referred to as p, in chapter III

and Appendix F. As the incident ray angle pI increases the

angle of incidence eI decreases to zero when the incident

causing 8I to transition through the normal as shown in

figure B-3, subroutine SNELL in TRACE detects this transition

as a change in sign in 8I. Snell's Law is defined with all

arguments positive. Therefore the magnitude of 0 is used

to determine 8R and thus p. according to

sineR - (n2/ni)sinO, yielding

e - 02 + eR (B-3)

which is the same result for O1 > 0.
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The application of Snell's Law at the second surface of

IZ-

the GLZ4 axis at x < Zl and therefore may intercept the

branch of the second surface in the lower half-plane. The

geometry for this case is shown in figure B-6. A significant

difference between rays intercepting the positive and negative

branches of the second surface is the definition of the normal

direction Li In figures B-4 and B-5 the direction of i** is

into the lens where in figure B-6, nR is defined to be out of

the lens. Practically, this contradiction in definition has

no effect on TRACE because the angle of the normal used in

applying Snell's Law has always been the acute angle as la-

beled in all of the figures. The direction of fi in figure

B-6 was changed to reflect the change in sign of NORM.

The search for and calculation of the intercept of the

ray refracted at the first surface and the second surface is

accomplished in subroutine BINARY SEARCH. The primary method

used is the bisection method illustrated in figure B-7. The

bisection method can only be applied where the ray in the

lens is known to intercept the second surface of the lens.

Examples of rays which do not intercept the second surface

are shown in figures C-2, C-S and C-10. The method used for

the rays which do not intercept the second surface is dis-

cussed later.
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The bisection method converges to the intercept value

Cquickly, especially if the ray is nearly normal to the second
surface. The sequence of events is depicted in figure B-7 by

j

the circled numbers 1 , 2 , etc. Assuming P, is known,

the intercept of the GLM axis, A, of the ray in the lens is

found. The first step in the bisection sequence, 1 is to

find the midpoint of QA. The midpoint of QA, (xmid, Ymid) is

calculated under label Recurse _p, line 7440 of TRACE. The

midpoint is then compared to the value of the second surface

at Y-Ymid" The midpoint in figure B-7 is behind the second 1

surface. Step 2 finds one midpoint of the line segment from

Q to the midpoint of QA. A comparison is again made with

the second surface. Now, the present location is ahead of

the second surface. Step 3 is executed and the location is

again compared with the second surface. The process conti-

nues until the difference between the present location on

the ray (xmid, ymi) and the true value of the intercept

(x 2 , ymid ) , IXmid-X 2 I is less than a specified tolerance,

tol - 10. Once the intercept of the ray and the second

surface has been found then go to label Done, line 8140, to

define the (x, y) coordinates of the intercept. The x-

coordinate is defined as the average of the present location

on the ray, xmid , and x2, the value of the second surface at

Y Ymid"

The ray may pass ahead, shown by A < Zl, of the second

surface. The test for A < Zl is conducted in line 6860.

0
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If the test is true a jump to line 7720 is performed. A test

C is conducted in line 7870 to determine if the ray intercepts

the negative branch of the second surface. If the test is

true then a jump to line 8080 is made to prepare to enter the

bisection method for the negative. branch, which is identical

to the method for the positive branch. described above. The

test performed in line 7870 will not detect a ray that is

just tangent to the second surface. The slow march method,

lines 7840 to 8000, is employed to search and find the inter-

cept (A, 0) and marches down the ray until the second

surface intercept is found within the tolerance, or the wall

of the GLM, y = -Y_ bullet is reached. If y = -Y_ bullet

then the march is terminated and a jump to line 8250 via 8150

is made to exit the subroutine.

special case exists when e < 0. The ray in the lens

could intercept the positive branch. A test is conducted in

line 7010 to determine if the ray intercepts the positive

branch. If the test is true a jump is made to line 7330 for

entry into the bisection method. If the test fails then the

marching method is used. The application of the marching

method for this case is made from line 7100 to 7320.

Another special case exists when the polynomial used to

describe the second surface causes the second surface toj

intercept the first surface at IJ < Y_ bullet. The test

for this case in conducted in line 7370 for the positive

branch and line 7770 for the negative branch. If the test
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c is true, then a jump is made to line 8280 and the subroutine
is exited.

The "success" of a conical lens is whether light rays can

be focused to a point. Success is determined two ways. The

first is the ray diagram; compare figures 14, 22, C-2, C-l0

and C-16 for the ability of each lens to focus light rays.

The second method is by a histogram of the ray distribution

on the image plane. The desired histogram is a delta func-

tion at the origin as shown in figures 15 and 23. Undesir-

able histograms are shown in figures C-3, C-7, C-13, C-14 and

C-17. The histogram is calculated by dividing the image

plane in the upper half-plane into an even number of intervals

equal to N-increment. The division of the image plane is also

performed in the lower half plane as shown in figure B-8. The

intervals are arranged such that the GLM axis is straddled by

the center interval, thus adding a half-interval to each

extremity of the image plane. Hence, the total number of

intervals is then 2*N increment +1. The generation of the

histogram is executed in subroutine DENSITY, line 17920.

The algorithm checks each interval for an intercept of a ray

with the image plane in lines 18440 to 18820, DENSITY then

normalizes the distributioni to the number of hits on the

image plane, not the total number of rays in lines 18830 to

18930. The percentage of the rays striking the image plane

is calculated in lines 18920 and 18930 and displayed to the

operator by subroutine LAXES in lines 12870 and 12880. The
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percentage label serves to remind the operator that the

C histogram represents the distribution of the rays actually

striking the image plane within the boundaries of the GLM.

The subroutines in Table B-i were copied or derived

from the HP-9845B utilities library for use in TRACE.F
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c TABLE B-I
SUBROUTINES DERIVED FROM THE RP-9845B UTILITIES LIBRARY

Name Line No.

Main 18

Plot 10170

Laxes 11430

Dialogue 13810
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TRACE PROGRAM LISTING
° 16 NORMAL

26 PRINTER IS 16
36 PRINT PAGE
46 FIXED 2

56 PRINT 44*444**4*****4**444***4*******09444****44444***44********4**4*
66 PRINT ". 4.

76 PRINT . TRACE 0.

6O PRINT 0 9.

90 PRINT "****4**4*4O**44*4**44*4*4*****4**44
166 DRSP *THIS IS TRACE"
2:6 A IT 1566
126 NoIfnOPTION BASE 6
136 !
146 CON INTEGER I,JCuru.,NpNnNNSNrREAL Aneg(17),RpOs(1?),A(17),ZI,3,Z4
156 CON Alph&,Talpha,Rho,Tr-ho,Rho |nitial.Trhoi,Phi,To1,Horm,Alph2
166 CON NlN2,N3,Percent image,Y&,Yb,Aperture,Y bullet
176
196 CON INTEGER Y7_loop,Nray,Add ral,Surf no,FIag,Flag2,NHincrement,Hit'toaI
196 CON INTEGER Linecount,Linetmax
206 CON INTEGER Psele¢c,Hptb
21: !
226 CON REAL Hatn,Hm&x,R9_max
236 CON Ray trac.$,Digitize$,Grin$,G$,GrincS,PlotS,DateS
246 CON X(1250),Y(1250>,Xc(258),H(25),R(250)

266 CON Rho(75O),Pht(250),C(250),Y3(25S),Hit(20O1)
276 1 1
266 INTEGER ZzChar sax
290 DISP
30 OVERLAP SEE THE 9045 OPERATING AND PROGRANHG MANUAL
316 CALL Dialogue
326 DEG
330 Comments: 9 FLAGS ARE USED THROUGHOUT THE PROGRAM TO INDICATE VARIOUS
340 CONDITIONS WHICH INFLUENCE THE BEHAVIOR RND TREATNENT OF THE
35O 1 LIGHT RAY AS IT PASSES THROUGH THE LENS SYSTEM. THE EXPLANATION
360 1 OF FLAGS USED IN THE GENERATION OF THE RAY DIAGRAMS
376 1 AND THE DECLARATION LOCATION IS GIVEN BELOW:
366

390 ! FLAG:

466 1) 6 a> DECLARED IN MAIN AND DINARY SEARCH
410 1 RESET CONDITION
420 ! 2) 1 => DECLARED IN BINARY SEARCH
430 9 RAY INTERCEPTS THE NEGATIVE DRANCH
446 9 3) 5 w) DECLARED IN SNELL
456 9 Theta I < 6 DEGREES
466 9 4) 10 a> DECLARED IN SHELL
476 ! TOTAL INTERNAL REFLECTION
40 ! 5) 15 => DECLARE IN SNELL
496 9 THE RAY LEAVES THE SECOND SURFACE OITH
S56 I ABS(RHO) 1 96 DEGREES (THE RAY MILL HOT INTERCEP
T
51 9 THE IMAGE PLANE)
520 1 6) 20 u> DECLARED IN BINARY SEARCH
530 THE RAY MISSES BOTH THE POSITIVE AND NEGATIVE
546 BRANCHES FOR Thetal > OR < 6 DEGREES

56 9 7) 36 a> DECLARED IN BINARY SEARCH
566 THE SECOND SURFACE BENDS AROUND AND CROSSES THE
576 FIRST SURFACE
see
596

o 1 .Flaa2
616 1 1) O w> DECLARED IN MAIN AND BINARY SEARCH
626 RESET CONDITION
630 2) 1 a> DECLARED IN BINARY SEARCH
640 THE RAY INTERCEPTS THE NEGATIVE BRANCH
656
46 1O HOTE: THESE ARE NOT ALL OF THE FLAGS, JUST THE ONES AFFECTING
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C7 1 RAYS.

66 Gymnstics: Y hard~aN"
766 Flag2#o"1*
716 INPUT "DO TOU WANT A HARD COPY OF THE COMPUTED DATA? Y'N",Y lia
rd8
726 IF (Y hArdsu"N") OR (Yha-"n") THEN Flaq2gu"S1
736 GOSU Yhard
749 GOSUB Printer

7S6 SEEP
766: PAUSE
776 IF (GSn"Y*> OR (GSa"y*) THEN GOSUB Header grin

'?6 IF <G~w"Y)> OR (GS8"y") THEN Initialize-run
796 Y hardS."H"
see INPUT "DO YOU WANT A HARD COPY OF THE COEFICIENTS PRINTED Yl
N *Y hard$

4 616IF (Y hardSs"H"> OR (Y-hard~oln") THEN 1086
626 GOSUB Yhard
636 COSUS Header-coef
646 FOR to@ TO Np
$so IF Lfnecount>Linwmax THEN COSUB Header-coof
$6 PRINT USING Image p;I,Apes(I)
676 LlnecountuLin~coun%+I
666 NEXT I
696 IF Llnocount>Linemax THEN GOSUB Header coof
966 PRINT
910 Linocount.Lintcount+1
926 FOR 1.0 TO Hn
936 IF Lln~count>Llnemax THEN GOSUS Header-coef4
946 PRINT USING Image n;I,Aneg(t)
950 LlnecountoLinoccunt+1
966 NEXT I
976 10magpI IMAGE 25X,"Apos(-DD-) -,
966 Imagen: IMAGE 2SX,"Anq<eDD) *,
996 GOSUB Header-coef-end
los66 PRINT LIN(2),-PRESS CONT-
1616 PAUSE
1626 IF Flag2$=.1 THEN Y hardos"Y'
1636 GOSUB Yhard
1646 GOSUS Header
1950 Initialie -run:Surf none
166 ZImAposmS
1676 IF (GSU"Y") OR (G**my") THEN Z3s15
L666 Y8 -mnwYae(Talpha-Trtioi )Talpha
1696 YO maxoYb*(Talpha-Trhci )/Talpha
1166 Xnuayo.N.ay ! TO KEEP FROM USIN MIXED MODE ARITHMETIC
1116 Delyu(Y_max-Y9_*Jn)/Xnray
1126 Y9 ln=Y9_mln-Dely
1136 TF Yam@ THEN YOmln=YSmtn+Dely
1146 Nral,.Nray+Add ray
1156 H60-1 COUNTERS
1166 Mrs-1
1176 Nc(s)=6
1166 N(6Vus
1196 Phi(6)*6
1296 C(6)s6
1210 YSloop: FOR Y6 loopot TO Nray
1226 Fl ags@ RESET FLAG
1238 Flag 2.6
1246 Xwe
1256 Rhoultho initial
1260 TphewTAR(Rho)
1276 xy6 IoopeYS loop
1260 Yo~imln+Dely*XyS_ @op
1296 NSGHSad
1306 rNe.1
1316 X(MS)al(
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(1320 Y(Ns)mY
1330 Rhg(Nr)*ho
1346 One: Su.fl@U1

K 356 H*=Ns.1

136 CALL Binaysearch(X,Y)
1366 X(Ns)mx
1396 Y(Ns)=Y
14:6 ,CALL Sntll(XY)
141 Ro(Hr)uo

1420 IF (GS.Y"*Y) OR (GS&"y') THEN Phi(YGloop).Phi
1436 Two: Surf-nom2
1446 N::N:+l
1456 N uNc'1
1466 CALL 2inarysearch(X,Y)

*1476 X(Ns)sX
1466 Y(Ns)uY

*1496 IF (GssY") ORt (GCy") THEN Blind
1566 IF Flags28 THEN Blind
1516 IF Flag-36 THEN Flag_30
1520 CALL Snell(X.Y)
1536 Rho(Nr')=Rho
1540 FlaglS: IF Flag<>15 THEN Flag 16
1556 GOTO Blind

1566 Flag 10: IF Flag(>10 THEN Three I FLAG_39 WHEN FIXED
1560 Rho( Yewo)u

1596 GOTO Blind
1666 Flag_30I IF Flag(>36 THEN Three
1616 Xc(Y9 loop)ss
1620 Rho(Nr:).6
16311 GOTO Blind
1646 Three: Surf no=3 IFIRST (MiOVABLE) IMAGE PLANE
1656 Ns.N;+I
1660 CALL Binaryscarch(X,Y)

1696 Four:I Surf-nom4

I171: CALL Binarys*arch(X,Y)
1726 X(Ns)*K
1736 w(Ha)ftY
1746 GOTO Next % lo
1756 Blind: Nsama.1 I TlTHE RAY CROSSED AHEAD OF THE SECOND SURFACE
1766 MNs)=6 I AND WAS NOT REFRACTED
1770 Y(Ns)=O
1766 NsmM*el
I?" X(Ns)ns

l666 Y(Na)=@

1616 Nexty0Ioop: FIXED2
120 Hapum-1
1636 IF (G~uY*) OR (GSa'y*) THEN Print-grin
1646 IF L~n~count>Llnemax THEN GOSUD Header

1o56 PRINT USING Image data;X(Nsp-3) Y(Nsp-3);X(Nsp-2)1Y(Hsp-2);X(
NsP-1);Y(NsP-1);Xc(Y* 100p);@;X<Msp);Y(Nsp);Rho
1666 1.countuLinecount+1
1670 GOTO Continue
6668 Print-grin: If L~necount>Ltnemax THEN GOSUS Nadorgrin
1to0 PRINT USING Imag..data.g;X(Np3);Y(Nap-3) ;X(Nsp-2);Y(Nsp-2);X(
Hap-I) ;Y(Nsp-I) IXc (Y9_ oop)i 0; N( Y _cop); Rho
1966 Ltn~countmLlnecoun%+l
1910 Continue: NEXT YO-toop
1926
1930b
1940 loage data: IMAGE X(2(D.DD,X,DD.DD.3X),DD.DD,X,DD.DD,1X,6D.DD,XD.DD,3X,3.
vD,N, 43. 3D,3X, 43. D>
1956 1 Image data, ["AGE ,XDDD3,DDXD.D3D.D2,DDDJXD2
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* iiD,2XD,3XDD.DD,2X,SD.DD,3X,4D.DD I USE THIS FOR YDULLET > 10 INCHES
1960 1

1970 lage datag: IMAGE ?X(2(D.DDXD.DD,3X),DD.DDXDD.DD,3X,3D.DDXD.DD,3X,DD
.DD,3X,4D.DD)
;980 1
199: !
2:9 GOSUD Header end

2610 GOSUS Yhard end
2026 PRINT LIN(2),7FINISHED"
2636 DEEP

2640 WAIT 256

2656 DEEP
266 IF (GS."YI) OR (GSs-y*) THEN Graph grin
2970 Ray tracess'"*
280 INPUT Do You c.H TO PLOT THE RESULTS OF THE TRACE ? Y/N",Ray trsce

S

2096 IF (Ray traceSs"N') OR (Ray trAceS*"n*) THEN Rerun
2160 INPUT "ON WHICH DEVICE: CRT (C) OR THE 9072 (P) ? P/C",Plot$
2116 IF (PlotSu'C") OR (PlotSm"c") THEN Graph
2126 INPUT "PLEASE ENTER THE SELECT CODE OF THE GRAPHICS DEVICE (DEFAULT

7 )"',Pselect
2136 INPUT "PLEASE ENTER THE HPI3 ADDRESS OF THE GRAPHICS DEVICE (DEFAULT
aS )*,Npib
2146 Graph: CALL Graph
2150 Y$B*N"

2160 INPUT "DO YOU WANT ANOTHER PLOT DRAWN TO A DIFFERENT SCALE ? Y'N",Y$

2176 IF (YS-"Y") OR (YSa"y") THEN Graph
2106 Density: PRINTER IS 16
2196 PRINT PAGE," The point of maximum ray density is determined by yo
U Visually.*
2200 PRINT "by placing the cross-hairs (they will appear automatically)

2210 PRINT "over the position of maximum density."
2226 PRINT This is accomplished by using the DISPLAY controls (updohmn,(-, ->)." '

2236 PRINT "When you get cursor in the area of interest, use the SHIFT
button"
2240 PRINT "with the DISPLAY controls (both shift and display control
5"

2256 PRINT "should be depressed simultaneously) for tine pozitioing."
2260 PRINT LIN(2)>," The position of the vertical hair is critical,"
2276 PRINT "because its location is used for the position of the
2266 PRINT "image plane (23) on the GLM axis."
2296 PRINT LIN(2),-CAUTION : Do not let the image plane intercept any
rays"
230 PRINT "in the interior of the lens. If this is done, those rays"
2316 PRINT "will be included in the histogram."
2326 PRINT "PRESS CONT"
2330 PAlUSE

2340 PRINT PAGE," The histogram is an Illustration of the density"
2356 PRINT "of the rays that intercept the image plane versus radial "
2360 PRINT "distance from the GLR axis."
2376 PRINT LIN(2)," When the position has been located, PRESS CONT."
2300 PAUSE
2390 Digitizess*Y"

2400 CALL Graph
2416 IF PlotS"P" THEN 2460 ! P FOR HP-9172 PLOTTER
2426 Dump crtSm"H"
2430 INPUT "DO YOU WANT A HARD COPY OF THE PLOT ? Y/N",Dump crtS
2446 IF (Dump crt/w"Y") OR (Dumpcrt~n'y*) THEN GOSUD Printer
2456 oSP "NORKIN' ON THE NiSTOGRA..."
2460 CALL Density ! PRODUSE A HISTOGRAM OF THE RAY DENSITY
2470 IF Plotgs"P" THEN 2526
240 DigitizeSu"" i RESET CONDITION
2490 Dump crtS*"N"
2506 INPUT "DO YOU WANT A HARD COPY OF HISTOGRAM Y/N",DumpcrtS
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2510 IF (Dump¢crt $aY') OR (Dum pcrtSu"y") THEN GOSUR Printer
2520 Y * H"
2530 INPUT "DO YOU WANT TO REDRAW THE HISTOGRAM FOR A DIFFERENT IMAGE P
LANE I Y'H",Y$
2540 IF (YSm:Y

"
) OR (Ylu'y") THEN Z3-50

2550 IF (Y s"Y*) OR (Y$*y") THEN Graph
2566 Digitize-"N" I RESET CONDITION
2576 Rerun: PRINTER IS 16
256 YS="N"
2590 INPUT "ARE YOU GOING TO MAKE ANY MORE RUNS? Y/N',Y$
2666 IF (YS-N") OR (YSun") THEN Finished
2616 ChaneSs"N"
2620 INPUT "ARE YOU GOING TO CHANGE ANY PARAMETERS (n2,n3,Alpha,Nray, OR
RHO-I4TIL)? Y/N",Chang*$
2636 IF (Change-"N") OR (ChangeSu"n*) THEN Gymnastics
2640 GOSUS Printer
2656 PRINT " If you do NOT want to change a particular parameter"
2666 PRINT *PRESS CONT in respose to the prompt.*
2676 INPUT "WHAT IS THE HEW VALUE OF RHO-INITIAL ?*,Rho_lnitial
2666 Rho initialft"lCABS(Rho Initial)
2690 Trhol.TAN(Rho initial)
270 INPUT "WHAT IS THE NEW VALUE OF ALPHA?',Alpha
2710 TalphaaTAN(Alpha)
2729 INPUT "WHAT IS THE HEW VALUE OF Y BULLET ?",Y bull*t
2730 INPUT "WHAT IS THE NEW VALUE OF Ya ?",Y&
2740 INPUT "WHAT IS THE NEW VALUE OF Yb ?-,Yb
2750 Add rays- 1 RESET CONDITION
2760 I? Ya)>Yb THEN DEEP
2776 IF Ya>uYb THEN DISP "Ya MUST BE < Yb. PLEASE RE-ENTER Y& AND Yb.

2790 IF Ya)uYb THEN WAIT 2500
2790 IF Ya)mYb THEN 2730
200 IF Yb>Y bullet THEN DEEP
2310 IF Yb>Y-bullet THEN DISP "Yo MUST BE ( Y bullet. PLEASE RE-ENT
S*R.
2020 IF Yb)Y bullet THEN WAIT 2500
2630 IF Yb>Y bullet THEN 2720
2046 Aperturtn b-Ya
2850 IF Ya(>e THEN Add ray-1
2460 INPUT "WHAT IS THE NEW VALUE OF n2?',N2
207 INPUT "WHAT IS THE HEW VALUE OF n3?,MN3
206 INPUT "WHAT IS THE NEW VALUE OF Z3 ?',Z3
2090 INPUT "WHAT IS THE HEN VALUE OF THE No. OF RAYS?",Nray
2900 INPUT 'WHAT IS THE HEW No. OF INCREMENTS (100 MAX ) ?",N_increment
2910 ChangeSo"Y

-

2920 GOTO Gymnasutics
2936 Graph grin: Jet

2940 FOR lot TO Hray
2950 R(I)uSQR(X(J)^2+Y(J)'2)
2940 C(I)uN(I)CR(I)CSIN(Phl(I))
2970 J=J#S
290 NEXT I
29"0 YSM*N*

3000 INPUT "DO YOU WANT TO PRINT R TRLE OF GRIN AND THE GRIN COHSTA
NT ? Y/N",Y$
3010 IF (Y$ouN*) OR (Y$wsn*) THEN 3150
3620 Y hard$=*N"
3630 IRPUT "DO YOU WANT A HARD COPY OF THE TABLE ? Y/N*,Yhard$
3040 GOSUB Yhard
3050 GOSUB Neader€c
3060 FOR l1 TO Hray
3670 IF Linecount)Linemax THEN GOSUD Header c
3000 PRINT USING 3090;IN(I),R(I),Ph(I),SIHN(hi([)),C(I)
3090 IMAGE 3X,4D,5(3X,4D.4D)
3100 LlnecountaLlnecount+1
3110 NEXT I
3126 GOSUB Header end
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3130 GOSUS Yhard-end
3146 YSw"N"
315 INPUT "DO YOU WANT TO PLOT THE RESULTS OF THE TRACE ' Y/N",YS
3166 IF (Y~u"H") OR (Y'n") THEN Grinc
3176 INPUT "ON WHICH DEVICE: CRT (C) OR THE 9672 (P) I C/P ",Plots
3166 CALL Graph
3190 YSN*N"
3200 INPUT "DO YOU WANT ANOTHER PLOT DRAWN TO A DIFFERENT SCALE ? Y/N"
'Ys 4
3216 IF (YO."Y*) OR (YS"y") THEN CALL Graph
3226 Dump crte"N"
3236 INPUT "DO YOU WANT A HARD COPY OF THE PLOT ? Y/N",Dump crts
3240 IF (Dump crt~snY") OR (Dump crtS"y") THEN GOSUS Printer
3256 Grinc: GrincSo."
3266 INPUT "DO YOU WANT A GRAPH OF THE GRIN CONSTANT C(r) us r ? Y/N",Gri
nc $

3276 IF (Grlnc$"M") OR (GrincSm"n*) THEN Rerun grin
3206 INPUT "ON WHICH DEVICE: CRT (C) OR THE 9072 (P) ? C/P ",Plot$
3296 Grinct: Grincs"Y"
3306 CALL Graph
3318 GrincS."N" RESET CONDITION
3320 Dump crt$-*H"
3336 INPUT "DO YOU WANT A HARD COPY OF THE PLOT I Y/H",Dump crtS

3346 IF (Dump crtSm*Y*) OR (Dump. crtsu"y") THEN GOSUS Printer
3350 YSu"N"
3360 INPUT "DO YOU WANT ANOTHER PLOT DRAWN ? Y/N",Y$
33?6 IF (YSs"Y") OR (YS"y") THEN Grincl
330 Rerun grin: YSs'N"
3390 GSO.Y" INSURANCE
3406 INPUT "ARE YOU GOING TO HAKE ANOTHER RUN ? Y/H",Yg
3410 IF (YP-"N*) OR (YSI"n") THEN Finitshed
3426 ChangeSN"H*
3436 INPUT "ARE YOU GOING TO CHANGE ANY PARAMETERS (n2,n3,Alph&,Hray

OR RHO-INITIAL)? Y/N",Chango$
3440 IF (ChangeSu"N") OR (ChangoSm"n") THEN Gymnastics
3456 GOSUB Printer
3466 PRINT " If you do NOT want to change a particular parameter"
3476 PRINT "PRESS CONT in7 spose to the prompt."
3466 Add_raymie RESET CONDITION
3490 INPUT "WHAT IS THE HEW VALUE OF RHO-INITIAL ?",Rho initi&l
3506 Rho inttials-I*RS(Rho Initi&l)
3516 TrhoisTAH(Rho initial)
3526 INPUT "WHAT I THE HEW VALUE OF ALPHR?*,Rlphe
3530 INPUT "WHAT IS THE NEW VALUE OF HMin ?',Nmin
3546 IF (GrinS."C*) OR (GrlnSmuc*

) 
THEN 3570

3550 INPUT "WMART IS THE NEW VALUE OF Hoax ?',Hmax
3560 INPUT "WHAT IS THE NEW VALUE OF Re_%ax ?*,Rg-ux
3570 INPUT "WHAT IS THE HEW VALUE OF n3?*,N3
358 INPUT "WHAT IS THE NEW VALUE OF THE No. OF RAYS?*,Nrav
3590 INPUT *WHAT IS THE HEW VALUE OF Ya ?,Y&
39"6 INPUT "WHRT IS THE NEW VALUE OF Yb ?-,Yb
3610 IF Ya)sYb THEN DEEP
3420 IF Ya)>Yb THEN DISP "Ya MUST BE ( Yb. PLEASE ENTER AGAIN"
3630 IF Ya>oYb THEN WAIT 2506
3640 IF Y&)eYb THEN 3596
3630 RpertswrsYb-Ys
3666 IF Ya(>6 THEN AddraymAddray 1
3676 Chahge~u"Y"
36f0 GOSUS Printer
3490 ChangoSs'N" RESET CONDITION
3766 GOTO Gymnastics
3?16 Printer: IF (ChangeSs"Y") OR (Change$sly") THEN Y hard~u"N"
3720 IF (Dump-crtse"Y") OR (Dump crtsoiy") THEN Y harda"y"
3730 IF (Y- hard$i"Y*) OR (Y hardSm"y") THEN PRINTER IS 8
3740 IF (Yhard*"Y*) OR (Y-hardSm"y") THEN PRINT CHRS(27)"t"QIOT"
3756 IF (Dmp. crtsu"Y*) OR (Dump crtSs"y") THEN Crt
37V6 GOSUP Header initial

0
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(3776 IF (G$=*Y*) OR (G~s"y*) THEN Grit
3706 FIXED 0
3796 IF Linecount>Linemax THEN GOSUB Header initial

3866IF DAtS.10" THEN 3830
381 PRINT "Curve. No: ";Cut-ue,TR3(49>;"Datv: ";Datt$
3020 GOTO 3640
3030 PRINT "Curve No: ";Cupve
3646 Li necount.Li necountil
3656 Ct-in: FIXED 2
3069 IF Linecount>Linemax THEN GOSUB Header initial
3676 PRINT LIN(I',-RNO(INITIAL> a ";Rhoinhtial;deg-ees";TAB.4s);-Rlph
a a ;AlPh&; "degrves"

3660 LinocountaLi necount+1
3690 IF Linecount)Linemaa THEN GOSUB Header initial
3966 PRINT "TAN(RHO-INITIAL) a *;Trhoi;TA3(48);"T~i(Rlph&) *";Talpha
3916 Linecountulinecount~j
3920 FIXED 5
3936 IF (G"N') OR (Gsu"n") THEN Gt-in2
3940 IF Linecount>Linemax THEN GOSUB Header-initial
3956 PRINT LINCI),"nl - -;Hl;TA2(48);-n3 a -;N3
3966 IF (Ctin8."C*) OR (Grins-lc") THEN 4818
3976 IF Lintcount>Linamax THEN GOSUS Header-initial
3966 PRINT LIN(1),"Noin a *;Nmin;TR9(46);"Nmax * ";Nmax
3996 Lintcount.L, necountel
4666 GOTO 4640
4016 IF Lintcount>Linemax THEN GOSUR Header initiali
4626 PRINT LIN(l),*Naln u ";Main
4630 Linecount=Linecount+I
4646 IF Linecount>Linomax THEN COSUB Htader initial
4656 PRINT
466 Li necountuLi necountel
4676 FOR 1*1 TO Wr-ay STEP 3
4060 IF Linecount>Lintmax THEM GOSUB Header initial
4696 IF 1>=250 THEN PRINT USING 414;I,NDI
4166 IF I)nZ256 T149N 4120
4116 PRINT USING 4136;IH1I,I.1,N(I.1,I.2,(I+2)
4126 LinocountnLinecount.1
4136 IMAGE 3(5X,"n2e*3D*, a ",211511)
4146 IMAGE 5X,*n2<*3D") a "211.511
4156 NEXT I
4160 IF Llnecount>Linemtax THEN GOSUB Header initial
4176 PRINT LIN(1),"RO max a ";R6 max;" inches-
4186 LifecounswtinecoUnt+1
4190 GOTO Grin3
4266 Ct-ma: IF Linocoun%>Linma~x THEN GOSUB Header initial
4216 PRINT LIN(1),"nl - ";NI;TA2(24);"n2 a *;'92;TA2c4e);"n3 *";N34226 LinecountaLi necount.1
4230 Ggin3: FIXED 3
4246 IF Linwcount>Linemax THEN GOSUB Header, initial4256 PRINT LIN(1),*Aperture a *;Rperture;TA3(74);"Y&a * ;Ya; inch ";TR8(46);"Yb a ";Yb;" inch*
4266 IF CGS*"Y*) OR (Gsy) THEN Gt-in4
4270 Li necountali nocountel
4200 FIXED 2
4296 IF Linecount)Linemtax THEN GOSUB Header -initial .
4366 PRINT LIN(l),*Z3 - ";Z3;"inches*;TA2(46)j-Z4 - -;24;" Inches"
4310 Linocountalinecount+1
4320 Grin4I FIXED S
4336 IF Linecount>Linemax THEN COSUB Header initial
4340 PRINT LIN(1 ,"Numbtr of Rays w*;Na
4350 LinecountuLlnecount*I
4360 IF (GSu"Y") OR (CGmy") THEN Ct-inS
4376 IF Linecount>Lintsax THEN COSUS Header initial
4386 PRINT LIH(I>,"Number of Increments a ";N increment
4396 LinecountuLinecount*i
4460 GrinSI FIXED 2
4416 IF Lfnecoun%>Linemax THEN GOSUD Header-initial
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7-71

-C4420 PRIN4T
4446 GOSUB H &der and

4456 Crt: IF (Dump-crt~a"Y") OR (Dump cr%$u'y') THEN DUMP GRAPHICS
44@ IF (Y-hardSo"Y") OR (Y-hardSm"Y") THEN PRINT CHRS(27)I.t136T*
4470 ChangeS-HN I RESET CONDITION
4466 Dump_ crt~s*H"
4490 Y-hard$S.N"
4566 RETURN
4510 Yhard: IF (Y hardSn"Y") OR (YhardS'y") THEN Flags..I"
4526 IF (Yhrds"N") OR (Y-hardSm~n") THEN Flags.""
4336 IF (Y-hard$S*Y*) OR (Y hardSm"Y") THEN PRINTER IS 0
4540 IF Flag$n*1 THEN PRINT CHRS(27)&&I60T*
4550 RETURN
456 Yhard end: IF <Flags-"I) OR (Flag**") THEN PRINT CHR$SZ?)&136T"
4076 IF (FlagS."1") OR (Flag~u*9") THEN PRINTER IS 16
4560 RETURN
4596 Header-coef: IF Linecount>Lintmax THEN GOSUS Header coefend
4466 Linecountin6
4416 PRINT PAGE;LIN(5)
4626 GOSUB Char- short
4436 PRINT LIH(1);SPR(4);"COEFFIClENTS";LIN(I)
46540 GOSUB Char-short
4456 PRINT LIH(2)
446 RETURN
4479 Header-coef-end: PRINT LIN(2)
4686 GOSUS Char short
496 RETURN
4766 Header-c: IF Linecount>Linemax THEN GOSUB Header end
4716 LinecountnG
4726 PRINT PAGE;LIN(5)
4736 GOSUB Char
4746 PRINT LIN(I)," I n(I) r(I) Phi(I)

Sin(Phi) c(I)*;LIN(1)
4756 DISP I n(I) r(I) Phi(I)

Sin(Phi) l)
469 GOSUB Char
476 PRINT LIN(2)
4766 RETURN
4796 Header cend: GOSUP Header end
4666 RETURN
4616 Header initial: IF Linecount>Linemax THEN GOSUS Header-end
4626 LinocountuS
4636 PRINT PRGE;LIHNS);TRU(2e);-INITIRL PARAMIETER VRLUES-;LIN(1)I

4656PRIN LH(2)

406 RETURN
4676 Char-short:I Char maxw25
4606 FOR ToG TO Char max
4690 IF ZwChar max THEN PRINT CHR$(229)
4966 IF ZmChar max THEN 4920
4916 PRINT CHRS(220);
4926 NeXT 2
4936 RETURN
4946 Header: If Lfnecewit>Lnmax THEN GOSUB Headerend
4950 LintcounteS
496 PRINT MAGE,LIN(S)
4976 GOSUD Char
4966 PRINT LIN(1),' (XS,Ye) (Xl,YI) (X2,Y2) (Xc,Yc>

cx3,Y3) RHO-;LIN(I)
4996 GOSUB Char
s6e6 PRINT LIN(2)
Sol@ 51SP (X@,Yo) (XI,YI) (X2,Y2) (Xc,Yc)

(x3,YS) R"O"
5620 RETURN
5630 HeadergrlnI IF Linecount>Llnemax THIEN GOSUD Headeretnd
546 Linecount*8
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CSoso PRINT PAGE,LIN(5)
5066 GOSUB Char
5676 PRINT LIN'1,' (X0,Y0) (CIYI) (X3,Y3)
(Xc,Yc) H2 R140";LIN(1)

sees DISP (XOYO) (XlIY1 (X3,Y3)
t xc,yc) H2 RHO*

M 5090 GOSUN Char
* 5100 PRINT LIN(2)

silo RETURN
5120 Header-tnd: PRINT LIN(2)
5130 GOSU3 Char-
5140 RETURN
5156 Char: FOR Zzs@ TO 79
5166 IF Zzus? TNEN PRINT CHRS(229)
5170 IF Zz.79 THEN 5190
5186 PRINT CHRS(220);
5190 NEXT Zz
520 PRINT RPT("-,0 THIS 1S A LOT FASTER, BUT NOT AS PRETTY
5210 RETURN
5226 Finishod: DISP "FINISHED'
5236 END
5240 SUD Slope(Y)
5256 OPTION BASE 0
5266
5276 CON INTEGER 1, J. Curve,,Np, Nn,H,Ns,N-, REAL A~()Ao~)A.,I,3Z
5266 CON Alpha,Talpha,Rho,Tt-ho,RhoinitiaI Trhoi Phi Tol Norm,Alph&2
5296 CON tHIN3,Percent imag.,YaYb,Apertu..,gY bullet
5306
5316 CON IN4TEGER YO-loopNr-ay',dd.-ayDSurfno,Flag,Flag2,NHincrsemenitHit total
5320
5330 BEG
5346 IF Surf nom2 THEN Twao
5350 One: Rlpha2.Alpha
5366 NorsmAl pha2-90
5376 SUBEXIT
5360 Two: IF Y(9 THEN Negative
5396 Positive: Tan m2-0 9SLOPE bIRT Y-AXIS Edx/dyi2
5460 FOR 1.1 TO Np
5410 Tan m2uTanm2+I*Apos(I)eY-(I-1)
5420 NEXTI
5430 M2aAVS(ATH(Tan_%2)) !THE ANGLE IS POSITIVE C14 WRT Y-AXIS
5440 Alpha2m9-12 ! THE ANGLE IS POSITIVE CCII WRT X-AXIS
5450 Nor%*Rl pha2-90

5460 SUBEXIT

5406 FOR 1.1 TO Nn
5490 Tant m2mTanm2+IAneg(I).r-(I-I)
50 NEXT T
5510 NZABRS(ATN<?a,_%2))
5520 Alpha2m96-N2
5530 rnorse.-l/TA4(AI pha2)
5540 NorsuATN( Tn..-.)-10

5560 SUB Snell(X.Y)
5570 OPTION BASE 0

5590 CON INTEGER I,JCurIJ.,Np,Nn,N.N,HNrRIEAL A~~)Ao<,~)Z,3
5600 CON Alpha. Tal pha, Rho, Trho, Rhoinit i &, Trht, Ph, To.ore, A) pha2
5610 CON NI,H2,H3,Pecent moaqe,Ya,Yb,pe-tu-,Y bullet

5630 CON INTEGER YSloop,Hray,Addry,Su.fno,Flag,Flag2,H~inc....nt,Ntt total
5640 CON INTEGER L~m~count.LinmWx

55 CON IN4TEGER Psel*c%,Npib

5670 CON REAL Nsfn,Ntjax,R6_max
5680 -CON Ra-t-aces. Digit, iz@S,GrinfSGS,G.-incS,PIotS,Dat.s
546 CoNol ),().t(),(),(
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5716 DIG
5726 IF Surf-nom2 THEN Tw.o

5736 One: Nnl-Hl

574: Nn2inN2
5756 Thetaim96-(Alpha+A9S(Rho))
5740 CALL Slope(Y)
5776 IF Thetai<9 THEN Hog thatai
5766 GOTO Same
5796 Hog thotai: FlagS3
SOBS Thetai-RDS(Thetai)
5616 SipN1I/N2*Sin(ThetaI)
5620 IF ADS(Slp))1 THEN Wrong
503S Thetar-ASN(Sip)
5646 RhasoiNr-Thet ar
565 IF (ABS(Rho)<89.99999) OR (ABS(Rho)>90.0O6SI) THEN Trho-TAN(P

ho)
- 566 IF (ABSRho)>9.99999) AND (AVS(Rho)<*90> THEN Trho--9999999

5676 IF (ABS(Rho)>90) AND (AIS(Rho)(90.00001) THEN Trho-9999999
5666 SUREXIT
596 Two: HNl-H2
5966 Hn2.H3
5916 IF Y(6 THEN Negative
5926 CALL Slope(Y)

593: Th~ta1:9-ABS(Rho)-A1 pha2
5946 IF Th %al(9 THEN Hog thetti2
5956 Same: IF (G#.Yl) OR (GS"Y) THEN GOSUS Grin
596 Sin-iprim&=Mn1/Mn2*SIH(Thtal)
5976 IF ABS(Sln iprim*)>l THEN Wrong
5996 Th*%&rmASN(Sin iprim.)
5996 Rho-AlphaZ.Thatar-90 1 USE ALPNA2 INSTEAD OF NORM BECAUSE THE
ge666 SIGN OF THE ANGLE IS DESIRED
s6t6 TrhosTAN(Rho)
626 Phi-Alpha-Rho USED FOR. GRIN
636 SUBEXIT
646 Hog thotai2: Thetai.ABS(Thtal)
656 SlpmNnI/Nn2CSIN(Thetai)
66 IF Rbs(Sip))1 THEN Wr-ong
676 ThttareASH(Sip)
6666 RhomNorm-Thetar
696 IF ASS(Rho)>.90 THEN Skip 1THE RAY WILL NOT INTERCEPT
4166 1 THE IMAGE PLANE

4116 IFRS(Rho)(69.99999 THEN Trho-TAN(Rho)
4126 IF (SRhe)>89.99999) AND (ASRho)<90) THEN Trho--9999999
4130 SUBEXIT
4146 Skip; Flaq*1S
41S6 IF All(Rho)>.90.S60661 THEN Trho=TAN(RhO)
416 IF 414(Rho)<96.S66661 THEN Trhos9999999
We7 Rlhop*188-AIS(Rho)

4166 TrhopnTAN(fthop)
6196 Xc CYl1 oop ) X-Y/Trhop
4266 SUBEXIT
6216 Wr-ong: Flag-IS TOTAL INTERNAL REFLECTION AT THE SECOND SURFACE
4226 SUBEXIT
6230 Negative: CALL Slope(Y)
4246 Thett -u960A3S(Rho)-AlphaZ
6250 SfpoNnt/Nn2*SIH(Thotai)
426 IF ADI(Sip)>1 THEN Wrong
6276 Thotar-MS(p)
4266 RhoinNorm-Thet or
62"6 ?rhosTAN( Rho)
63641 SUNEXIT
6316 Grin: H2s6
4320 IF (GrinSu"P") OR (Grin~smp) THEN P
436 C: CALL Index c(XY)
6346 M(YloP)n~
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6356 IF Surf nont THEN Nn2-N2
6360 IF Surf-noa2 THEN NnlN2
6376 RETURN
6308 P: CALL Indexp(X,Y)'
6390 N(YSlIoop).N2
640 IF Surf nost THEN Hn2-N2
6416 IF Surf-no.2 THEN HnlmN2
6426 RETURN
6436 SUBEND
6440 SUN Bin&ry_search(XY)
6456 OPTION BASE 0
6466
:4?@ CON INTEGER I,J,Curv*,Hp,Hn,N,HsHr,REAL Aneg(*,Apos(*),A(*,Z,Z3,Z4
648@ CON Alph&,T&Iph&,Rho,TrhoRho_initia],Trhoi,Phi,Tol,Norm,Alph&2

6490 CON H1,N2,N3,Percent image,Y&,Yb,Apertur*,Y bullet
6500
6516 CON INTEGER YB loopHray,Add raySurf no,FlagtFl&g2,N increamnt.Hit total
6526 CON INTEGER Linecount,Linemax
6530 CON INTEGER Pselect,Hpib
6540
635 CON REAL Natn,Hax,RS_alx
6566 CON Raytvr&ce$,Digit1:e$,Grin$,G$,GrincS,Plot$,Date$

576 CON X(*),Y(*),Xc(*),H(*),R(*)
6566 I

6590 CON Rho(e,)Phi(*),C(*),Y3(*),Hit(*)
66O6 1
6616 DEG
6626 DEF FNR(X,Y).X-Y/Trho
6630 DEF FNAi(X,Y)=X-Y/Talph&
6640 DEF FNXn(R)iA-Y-bullet/Trho I FINDS THE INTERCEPT OF THE RAY AND Y'-Y b
ullet
6650 RaI
6660 IF Surf no-1 THEN One
6670 IF Surf noI2 THEN Two
6666 IF Surfm oe3 THEN Three
6696 Four: Dy-(Z4-X)*Trho
6766 Y.Y+Dy
6710 X=Z4
6726 SUDEXIT
6736 Three: IF (Y>6) AND (Trho>@) THEN Skip !THE RAY WILL NOT CROSS THE X-AXIS

6740 Xc(YGIoop).FNA(X,Y)
6756 lack: Dys(Z3-X)*Trho
6766 YNY+Dy
6770 X-Z3
6700 SUNEXIT
6790 One: CALL Xlpos(X,Y)
6060 SUIEXIT
661 Two: RFNA(XY)
6:26 IF Flagus THEN Search2 I Theta I 9 6 FRON SHELL
6036 FlagO
6046 Flag2s6
:o6 IF (GSu"Y*) OR (GSlv*) THEN Grin
6O60 IF A<Z1 THEN Negate I THIS IS A SEPARATE AND UNRELATED TEST
6870 GOTO Positive 1 FROM THAT PERFORMED IN SEARCH 2
66i0 Se*rch2: o THIS ROUTINE IS ENTERED WHEN THE ANGLE OF INCIDENCE ON THE
Goss FIRST SURFACE IS < 0 DEGREES.
690 1 THIS MEANS Thetal HAS DECREASED FROM ITS AXIAL VALUE TO 0
6916 1 (1#. NORMAL TO THE FIRST SURFACE) THEN CONTINUED TO ROTATE PAST
6920 1 THE NORMAL. THIS CORRESPONDS TO A TARGET AT OR NEAR CLOSEST
6930 ! POINT OF APPROACH (CPA).
6940 1 WHEN THIS HAPPENS RHO(1) CAN BE LARGE ENOUGH TO CAUSE THE RAY
6950 P TO MISS THE FIRST AND SECOND SURFACE. I
694O THE ROUTINE FIRST CHECKS TO SEE IF THE RAY CROSSES THE SECOND

6976 9 SURFACE. IF SO, CONTROL SWITCHES TO FASTER BISECTION POUTINE.
6906 I IF NOT THEN THE ROUTINE MARCHES SLOWLY DOWN THE RAY TO FIND THE
6990 INTERCEPT (IF ANY).

096
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7616 IF A>ZI THEN Positive
7020 I -

?03 Deltam.l
7040 X12uX
7050 YI2uY
7o64 EVEN THOUGH THE X-INTERCEPT APPEARS TO RE < ZI, THE SECOND SURFACE
7670 COULD IE IRREGULAR ENOUGN TO CAUSE THIS SIMPLE CHECK TO BE DECEIVING.
7090 1 THE RAY IS ASSUMED TO HAVE INTERCEPTED THE SECOND SURFACE IF THE
7090 ! DIFFERENCE BETWEEH THE RAY POSITION AND THE SECOND SURFACE < TOLERANCE
7100 March: DeltsxaDtl&t*COS(Rho)
7110 Det&yaD.lt&*SIN(Rho)
7120 XlaXlI2e+eltax
7130 YI2IYI2#D.Itay
7140 IF Y12(0 THEN Missed ! YOU HAVE REACHED THE X-AXIS
7150 X2%0
7164 CALL X2pos(X2.Y2)
7170 XstveX12-X2
710 IF AUS(Xave)<aTol THEN Donel I FOUND THE SURFACE WITHIN TOL
7190 IF Xsave(0 THEN March KEEP LOOKING
7200 IF Xsave> THEN Found it THE RAY CROSSED X2POS
7210 Donel: XO(X2#XH2)12
7220 YmY12
7230 SUREXIT
7240 Missed: XmA ! THE RAY HAS MISSED THE POS AND NEG SURFACES
?250 Yes I DRAW THE RAY TO THE X-AXIS
7260 GOTO BlindI
7270 Found it: XmidmXI2 I THE RAY HAS CROSSED THE SECOND SURFACE. GO TO THE
720" xlastoXmid 1 BISECTION ROUTINE FOR SPEED
7290 YniduYl2
7300 Ytl&stYmid
7330 Xsave=O

7320 GOTO Recurse_p
7336 Positive: XI-0
7340 X2=6
7356 CALL Xlpos(XI,Y)
?60 CALL X2posCX2,Y)
?379 IF X2<=Xl THEN Hoops
7306 XsidmA I THE RAY HAS CROSSED THE X-AXIS BEHIND THE SECOND
7396 Xatd&R I THE RAY HAS CROSSED THE X-AXIS BEHIND THE SECOND
7406 XlastsXmid I SURFACE. THEEFORE Y>S AT THE INTERCEPT
7416 Yaidm0
7420 YWlssaYmid
7430 Xsavewu
7440 Recurse p: Xmid<X+fRtXwid)/(l.N)
?450 Yaidw(Y+R*Ymid)/(l+R)
7446 X2=0
7470 CALL X2pos(X2,Yuid)
740 Xau*ewX2-XKid
7490 IF Xsave(S THEN First I INTERCEPT IS EHIND THE MIDPOINT

7500 IF Xsave>f THEN Second 1 INTERCEPT IS AHEAD OF THE MIDPOINT
7519 IF XsavemS THEN Done I INTERCEPT IS THE MIDPOINT
1520 Rcursen: Xaidw(X*R*Xmid)/(1tR)
7130 YmidI(Y*RYmid)'(1+R)

*7540 X2mf
?750 CALL X2neg(X2,Ymid)
"s Xsau..X2-Xatd

7?70 IF Xsaw*(< THEN First I INTERCEPT IS BEHIND THE MIDPOINT

7500 IF Xsave)6 THEN Second I INTERCEPT IS AHEAD OF THE MIDPOINT
7594 IF Xsavew THEN Dono INTERCEPT IS THE MIDPOINT
7606 First: IF AIS(Xsave)(Tol THEN Done
7610 Xlastemxld
7620 Yl at&Yald
7630 IF Flaget THEN Recurse n
7640 GOTO Recurs*_p
7459 Second: IF ABS(Xsave)(Tol THEN Done
7640 uX-itd
7676 YwYmid

0
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6 76 Halduxiast
76"6 YmidYlast
7760 IF Flagmt THEN Recursert

?726 Negative: XI-,
7736 12m6
7746 Xc(YS loop)-A
7756 CALIC Xlneg(XI,Y)
7966 CALL X~neg(X2,Y)
7776 IF 142<uHl THIN Woops
7766 Flag-I i THE RAY CROSSES THE X-AXIS AHEAD OF THE SECOND
7796 YII.t-Y -bullet 1 SURFACE AND COULD POSSIBLY INTERCEPT X2NEG.
7660 H-A I THE SANE TYPE OF TESTS DESCRIBED ADOVE
7616 IN SEARCH 2 ARE PERFORMED HERE.
7026 Yes
?030 Dolta.1
7646 Search: XIIUFHn(A)
7650 (2.6
7060 CALL X~neg(X2,Ytl)
7076 IF X411>12 THEN Ok ! X411 X~max
7006 1411.6

7906 DelaymDelv&*SIN(Rho)
Me1 DeltaxmD~l%&*COS(Rho)

7926 Search n: IF ABS(YlI)m-bulle% THEN Miszed2 ITHE SECOND SURFACE WAS MI
7936 IIlsXI+Dtltax
7956 142w9
7966 CALL X2neg(X2,YII)
7970 Xs~va~-H12
7966 IF AUS(X*aue)<wTol THEN Victory IFOUND THE SURFACE
7998 IF Xsave~o@ THEN Ok
le66 IF Xsaue(S THEN Search n KEEP LOOKING
6616 Missed2: 14-FH~n(A) IDRAW THE RAVY UNTIL Ye -Y bullet
0026 oY--bullet
9020 COTO Blind
6646 Victory: FlagZI1
6606 14-(XII*H2).'2
6660 YOMI
6076 SUDEXIT
6061 Ok: PlagZ.1 I THE INTERCEPT OF THE RAY AND X2NEG HAS BEEN FOUND.
s0o" Nmi14lI 1 GO TO THE BISECTION ROUTINE FOR SPEED.
61t" Klastaeid

6166 OTO lckre-
6190 Done: ImX2XF FagI HN li

Me2 Y-6l

6346S SUDEIT
6172 Si6 Xc (Y 1 loop)-A

6190 Blind: IF STOPa THEN RAYTRAC

620 YES

6240 SUDEIT
620 Glfnd n: F-ZI
62g0 Y (i) Tlp)=* h)(r~-apa ITRETOF1 IE
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0346 REQUIRED FOR

6356 cY op" IRQIE O DRAWING PURPOSES
6360 SUSEND
6370 SUB Graph
6306 OPTION BASE 6
6396
6400 CON INTEGER 1,JCUPVO,Hp.Nn,N,NsNr,REAL Anhg(.),Apos(e),A(*),Z1,Z3,Z4
6416 CON Alpha,Talpha,Rho,Trhe,Rho initiat,TrhOi,Ph ,Tot.Norm,Alpha2
0420 CON NI,NZ,N3,P~rcent aage,YaYb,Apertwet,Y bullet
6430 1
0440 CON INTEGER YO loopgNrayAtdd-ray,Surfno,Flaq,F)aq2,Nifncrent,Nittotal
0450 CON INTEGER Linewcount,Linemax
6466 CON INTEGER Pselect,Npib
6476
6466 CON REAL Hwin,ax,R9 max
6496 CON Ray traceS,Digit iz.S,GrinsGSGrincS,PletS,Dakt.s
6500 CON X(*),Y(*),Xc(.),N(*),R(*)
6St16
6520 CON Rho(*),Phi (*),C(*),Y3(.),HitC*)
6530 1
0540
6560 DEC
6560 PRINTER IS 16
6576 IF (Grincg."Y") OR (Grinc~my*) THEN Grinc
6566 IF (Digitizesn"Y") OR (Digitize~sa'") THEN Digit
6596 Draw axes: CALL Plot

666First surf: FIXED 2*
6616 LINE TYPE 8
6626 YMY built%
6636 NOVE 6, 0
0640 XwYlialpha
6656 DRAW X,Y
666 DRAW 166,Y
6676 MOVE 6,6
6666 DRAW X,-Y
6696 DRAM 166,-Y
6766 IF CGS.Y") OR (G~uy*) THEN Grin image
6716 X2pos: MOVE AposO9,9
6726 FOR Yee TO Y-bullet STEP .91*Y :-bullet
6736 X2posm6
6740 FOR 1&0 TO Np,
6756 X2poswX2pos+Apos I)*Y-'I
6766 NEXT I
6776 DRAM X2pos,Y
6766 NEXT Y
8790 X2neg: MOVE Apos(6),9
6061 FOR YeS TO -Y-bullet STEP -.61*Y bullet
6616 X2negu6
6626 FOR .6f TO Nn
6636 X2n*g.X2neg+Aneg( I)*YI1
6040 NEXT I
6050 DRAM Xlneg, Y
040 NEXT Y
6676 EXIT GRAPNICS
6666 Y8"N'
669" INPUT D90 YOU W1ANT A HARD COPY OF THE PLOT WIITHOUT RAYS 'P Y/*,Yo
69t" IF (Y$u'Y*) OR (Ywy") THEN GOSUS DlUmp it
6916 GROWN 9CS
6926 Firss image: LINE TYPE 5
6930 NOVE Z3,Y built%
@940 DRAW Z3,-Y bull*t
0960 Second image: LINE TYPtE6
69,60 MOVE Z4,Y bullet
6976 DRAM Z4,-Y bullet

690IF (GSO-UN) OR (Gsn") THEN First-
6990 Gain-imagel LINE TYPE 7
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NMI- -- Sm. -- _ __ _ __

9C1 Xa.Z24Ym'Ta1~
9026 MOVE Xm.,Ye
9630 Ya-Ya

f9646 XmZ3Y../Talph&
9656 DRAM XmYm
9966 REM DRAM THE RAYS
9676 First_: LINE TYPE t
966 CLIP S,I9S,-Y-bUll*t,Ybull#t
9696 1*$
9199 FOR Ray fivrstal TO Nray
Ot16 "OvE 3Z(I),Y(1)
9126 DRAM X(I.I),Y(141)
9130 1.141
9146 NEXT Ray first
9156 Second-: tal
9166 FOR Ray stcondol TO Wray

9166 DRAM X(1*1),Y(141)
9196 1=1+5
9266 NEXT Ray second
9216 IF (GS*Yl) OR (G~sy*) THEM Mai%-
9226 First-imagep: 102

9240 FOR Ray imagool TO Wr-ay

9256 Nerw.3 I
9266 MOVE X(I).Y(I)
9276 IF XCI)<>6 THEN Ok
g2s* 18!+5
9290 GOT: Wax ray image
9296 Ok: IF X(141).6 THEH Reflect
9316 DRAW X(1#1),YCII)
9326 101+5
9330 GOTO Next a~y image
9346 Reflect: IIF THE ANIMERE TO THE QUESTION 19 NO, THE RAY WAS TOTALLY
9350 1 REFLECTED AND DO NOT DRAM A LINE

9398 1 If A LINE IS DRAWN, TH AXS(*HO) > 90 DEGREES
9370 IF (Xc(Ray Image)=@) OR (Rhoa(Hr)w0) THEN 9460
9366 Trhou-leY(I).(Xc(ayiage-X(1))
93"6 DRAM X(I)-(YI)CYbllet).,Trho,-Y bullt RHO > 90 DE
GREES
94"6 lot*$
9416 Next ray~lmagel NEXT Ra&D.image
9420 DecilonS WAIT 2606
9436 EXIT GRAPHICSt
9446 DEEP
"so6 YSSON"
9446 INPUT D00 YOU WANT TO PLOT TO THE SECOND IMAGE PLANE ? Y'N",Y*
947f GRAPHICS

946IF (Y~w*M) OR CYon') THEN Wait-
94"6 Secondimagep: 1.3
9596 HMr-I
911 FOR Rav lmage2wI TO Hf sy

936 move XCI),Y(I)
9540 IF X(I)<>l THEN 0k2

"as6 GOT: Next sayA mage2
9070 0k2t t X(t+T).6 THENH Reflecs2

9696 DRAM X(I4I).Y(141)

9696COTO Next ray imae*2
"I941 Refloct2: IF (xc(laya Teaq#2)uO) OR (Who(Hc)oS) THEN 9406

966Trhu I#Y(I-eXc(fay lmaqe2-Xlt)
"30 DRAW x(I)-(Y(I)4ybulles)/Trho,-YbulIts IRHO > 96 DE

CUES
9440 tat*$
96560 Next raytimage2: NEXT Ray.1mage2
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UJ4GOTO Wait
97 Grinc: CALL Plot
9666 i RI-C(I)'(N(I)*SIH(Phi(1)))
9690 1 MOVE RIC(1)
970 HOVE R(I),C(I)

9716 FOR 1s2 TO Mray
9?26 RUC(I)'(N(I)eSIN(Phi(I)))
9 736 DRAM RC(I)
9746 DRAM R(I),C(I)
9756 NEXT I
9769 Wait: SETGU I THIS ROUTINE PRESENTS THE PLOT TO THE
9776 9 LINE TYPE I I OPERATOR TO STUDY UNTIL READY TO CONTINUE
9766 I LDIR.6
9?96 I HOVE 2,2
9660 1 CSIZE 2
ses I LABEL *PRESS CONT"
9020 9 CSIZE 15/4.54
9030 SETUU
9S46 DEEP
9656 WAIT 256
Se46 DEEP
$076 PAUSE
Se6s EXIT GRAPHICS
l9s SUDEXIT
"so Digit: GRAPHICS

t91o POINTER Z3,9
9920 DIGITIZE Z3,Y
9930 LINE TYPE 5
9940 MOVE Z3,Ybull*t
9950 DRAW Z3,-Y bullet
9940 SETGU
9976 LDIR O
$900 LINE TYPE I
9996 LONG 5
1606 CSIZE 2.5
lea61 Centerxe?2.5 f CHANGE IN Lax*s also
10620 HOVE I.3SCenterx,5
16639 LADEL USING 10649;Z3
16640 IMAGE Image Plane : 1,11.99s' inches
1056 SETUU
60464 CSIZE 15/4.34
166? WAIT 256O
10061 EXIT GRAPHICS
166" SUDEXIT
16166 Dump I:PRIHTER IS 0
1Ili PRINT CHRS(2?)&'&I96T"
10126 DUmP GRAPHICS
10130 PRINT CHRS(27)g&li3fT"
16146 PRINTER IS 16
16s11 RETURN,
19060 SUDEND
16176 SUi Plot
1610 OPTION DSE 6
16196
1020 CON INTEGER I,JCurve,Hp,Hn,M,Hs,Nr,REAL Ag(o),Apos<e),A(e)oZI,Z3,Z4
16210 CON AlphaTalph&,Rho.Trho,RhoinittalTrhoi,Phi,TolHor,Alph2
10226 CON Nt,H2,N3,Percentimag@eYa, YbAperture,Y bullet

16236 1
16240 CON INTEGER YO Ioop, Mpa1,ddvrla,Swrf¢no.Fl &IPl 4q2,NIncretmnt,HIt total
flas CON INTIGER Ltnecoun%,LAemax
10266 CON INTEGER Ph.lectHp b
16276 1
1620 CO REAL Naln,NmaxItssax
102"6 CON Ray- t#ag.,BigittzGti nSGSGrtnc6,PlotSDates
16366 CON N(C),Y(e),KC(e),H(o),R(e)
16316 .1
16326 CO "t(,PhleCeoYleNlt~e)

0
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16336 1
16346 1 THE ORIGINAL VERSION OP THIS ROUTINE IS LOCATED IN THE HP-9045
16350 I LIBRARY TAPE No. TuO SER:.09045-10205 PROGRAM "REGPLT"

16376 1
16366 FHNAX AND FHNIH HAVE BEEN MADE INTO SUBROUTINES
10390

16466 Setup: IF (PlotS."PO
) 
OR (Plotu"p") THEN P96?2a

16416 Crt: PLOTTER IS 13,"GRAPHICS*
16426 GOTO 10440
10436 PSS?2a: PLOTTER IS PselectHptb,"O9?2A"
10440 GCLERR
16456 LIMIT 0,104,0,140 ALL UNITS IN MILLIMETERS
10460 LINE TYPE I
10476 LOIN 6
t@446 LORG 3
10494

l6ses DATA -Z,-t,1,2
1O516 READ Um,Dm,Md,Mu
16520 DATA .33734,.49697,.67506
19530 READ Log2,Log5,Log?
16540
1e55 IF (GrincSmY*) OR (GrincS**"y) THEN Grinc
15650 IF (G6.'Y*) OR (GSu'=*) THEN Grin
16573 IF (Digittze*=*Y') OR (Digitiz*Sny') THEN Digit
1es6 IF (Ray tPe~Sa'Y*) OR (Ray traceSay') THEN Ray

10600 Rft :XminaXorg.Yorg-I
10410 Xu-4lg
10620 YaaxeY bullet
10630 Ymtnu-a14x
19440 PRINT PAGE," Xaox Is the maximum length along the GLM axis uhich you"
16416 PRINT 'want to be dfsplayed..
6d440 PRINT LIN(L),* A rule of theaub i.s to pk'a'typcal v&lue of X.q (the
X-Itrcopse

1676 PRINT O9rom the printed output for %he ray trace and add one inch to'
16666 PRINT "that value. For example: tf the majority of the Xc values liste
d'

196i6 PRINT "have values around 5.4, then key in 6.6 and PRESS COOT."
10760 Rayl:IMPUT "WHAT IS THE VALUE OF Xmax (DEFAULT VALUE IS 16.6 INCHES ) ?',X
ax
14716 IF Xoax<Xain THEN SEEP
16724 IF Xmax(iXaln THEN DISP *Xaax M BE ) Xmin a 6. PLEASE RE-ENTER

Meax. j14730 IF Xmax<oXin THEN WAIT 2566
10740 IF Xmaxu<Xaln THEN Rayt
16756 Ra yscale: LOCATE 15,136,25,16 I ALL UNITS IN GDus
1 740 GOSUP Same
16I70 I SCALE Xein-.SeXfudge,XMaax..SADS(YsIc),-YDulet-.20AB5(YtIc),
Y biulleso.25#A394Ytic)
AM?30 SCALE Xtn-.5eRB$(Yttc),Xmx.5eAEE(Ytic),-Ybullt-.25A5(Yt
5),Y butlet..25#R35(Ytic)
16791 I CLIP Xain-.SeX ul max..5.AoS(Ytlc)t-Ybullet-.2SCRBE(Ytlc),
Y butlot*.2SeAIS(Yttc)

1I6go CLIP Keino.6eREE(Ytic).Xax.5CASS(Ytlc),-Ybullet-.2*AS(Yt
C),Y bullt*.25*A2S(Yttc)
1O611 GOSUS Sr*e axes
0e20 CLIP Xmin, 10E-Ybullet,Ybullet

16630 SUSEXIT

1904b Digit: LOCATE 6,130,36,166 9 ALL UNITS IN GDUIS
16s6 xNaxY bullet
16 6 Naine-Xmax
10070, XrogmYorgeO
1o60 Ymaxal
10030 Yatnes
16,006 COSUS $40t
8 o9 Dif8ft-scal#* SCALE -Yulles-.JSeRS(Ytic),Y bullet#.|eEAD(Ytic),-. 15*A
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6S(Ytic), I+. I*tSy
10920 CLIP -Vbullet-. IS*ADS(Ytic),Ybul.iS 1*AIS(Yic)g, iSAD

10930 GOSUB Same-axes
10940 suDEZtr
10950 Grin: GOTO Ray

A.10940 GrinC: LOCATE 18,133,26,101 1 ALL UNITS IN GDU'S
10970 XorgaYorgas

11020 GOSUS Mn c
16990 GaxUI ax c

1160Gin cal GOSU Min

,Is7* SCALE Xmtn,fmax*AIS(Xtic>,YminYmax*AUS(Ytic)
11000 CLIP Xmin,Xmaax.A3S(Xtic),Ymin,YmaxeA0S(Ytic)
11994 COSUD Sam. axto
ill&@ SUVEXIT
11110 Sam0: LxsLGT(Xaax-Xmin)
11120 LywLGTCVmax-Ymi n)
11130 Xfudqvm.26*(XwAx-Xmin)
11140 Yfudqow.20*(Ymx-Y%1n)
11150 Tlcnarks: T~stIceF*ACT(Lx)+(Lx<9)
tilde Tvzst~jaFsRACT(Ly)+(Ly<0)
111?$ Xticu10^(INT(Lx)-).(1+1.5.((Testxtic>Log2) AND (T~z~xtic<Log3))
+*((T~stxtic).Loq5) AND (1.stxtic<sLoq7)).6.5*(T..txtic>L09 7))
111** Ytics10^(INT(Ly)-1)e(1*1.3*((Tsty.tic>Log2) AND (Tootytic(Log5))
11190 RETURN
11200 Sam*-axws CALL Lax**(Xt I c,Ytic ,Xorg,Yorg,Xm&J,Ymj, ,Mint i csizt, Xmi n,Xmax,
Ymtn,Ymax,Minn,Maxx)
11210 RETURN
11220 Min r: Mfin,-s>
11230 FOR :01 TO Ne~xy
11240 M~nrmMINCMimr,.R(I))
11250 NEXT 1
1126 RETURN
11270 MaxPr Naxr=4(0)
11200 FOR lot TO N.ay
11296 MaxrwuAX(Mx,R(I))
11300 NEXT I
11310 *STURN
11320 Min-c: MincoC(S)
11330 FOR lot TO Nea~y

11310 NEXT 1

11360 RETURN
11370 Mex-c C aitc=C(0)
I11300 FOR lot TO Nray
11390 MaxcoMAX(Mexc.CcI)
11400 NEXT I
11410 RETURN
11420 SUMSN
£1430 SUB Lexes(XStic,Ys ic,Xoi-g,Yorg,XmajYoaj,Nlintfcslz.,Xmin,Xrax,Ymin,Ymax,lin
n,FNaxx)
11440 OPTION 1066 0
11450
11460 CON INTEGER ,CwNNnNN,,RA n9). os*A(,ZZ32
11476 CON AlphaTalphahoTho,Rho~initlal,TrhaPh,TolNo-e,A)Pha2
11400 CON NI,N2,N3,Percens imag.,Ya,YbApertu.*,Y but l*s

1 14"9011100 CON INTEGER Y01Ioop.Nrav,AddPaY,Susf _o,Flalg2,Ntfncr...ns,Nlsttota

1111 CON INTEGER Linocoun%,Ltn~max
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c- 11520 CON INTEGER PSOl*Ct,Npib
11530 1
11540 CON MRL Noin,Nmax,Rfmax
11550 CON Ray traceS,DigitizoGln.GSGrlflcSPotDt@S
11560 CON X(*).Y(*),Xc(*),N(*),R(O)

11610 LINE TYPE 1I

11626 LDIR 0
11636 LORG 5
11640 IF (Xmin>=Xax) OR <Ymfn)&Ynax) THEN SUNEXIT
11656 GRAPHICS
11660 Xtudgou.02*(Xax-Xoin>
11678 Yfudg..2*(Ymax-Ymin)
110 Xmajul
116,6 Ymajul

11706 Mntcsiz*2
11726 IF (GincileY') Oft (Grinc~ouy*) THEN Grinc
11730 IF (GS=Y') OR (Gsay*) THEN Grin
11746 IF (DigitzoSY") OR (Dgiizf$uy*) THEN Digit
11756 IF (Ray_ tracw*"Y1) OR (Rytrac@wmy*) THEN Ray
117640
11776 Grinc: LINE TYPE 3
11700 GRID Xtic,Yt ic,Xovg,Youg,Xmaj,Ymaaj,2*N~intlcsiz.
11790 LINE TYPE I

11660 FRAME
11616 GOTO Labelxgrnc

11636?1 Digit: AXES.1I,,11,
11646 Digit: AXES Xtic,.1,0,9,l,1,2
11s50 GOTO Laboix-d
110646 Ray: AXES Xtic,Yt tc,Xorg,Yorg,Xmaj,YmajMinticsiz*
11076 Labelx: LDIR 90
11ems LORG 0
11096 FOR AmXorg TO Xmax STEP ADS(Xtic)
11I00 MOVE A,Yorg-Yfudgo
11910 IF Me* THEN LABEL USING 11926;A
11920 IMAGE 0,K
11936 IF MAu THEN GOTO 11966
119461 LABEL USING 11959;A
lit"0 IMAGE DDD.D,K
119601 NEXT A
11970 Laboly: LDIR 6
11960 LORG 6

11990 FO A-Y-bullot TO Y-bullot STEP ABS(Ytic)
12060MOVEXorg-Xfudge,A

taste IF As* THEN LABEL USING 11926;A
1260 IF Asi THEN GOTO 12646
12039 LABEL USING 11956;R
12646 NEXT A
1t6n6 GOTO Labelt
120610
12070 Labelx-d: LI 90
12064 LORG 6
1260 1 FOR Me-Y bullot TO Ybullo% STEP .1
t2l66 FOR 4;-Y bPullot TO Ybullet STEP ADS(Xtic)
12116 MOVE A,Yorg-Yfudg*
sa29 IF *a6 THEN LABEL USING 11929;A
12130 IF Aug THEN GOTO 12150
12146 LABEL USING 11950;4
121ls NEXT A
121e0 Labolyd1 LBIR 6
12176 LORG 0
ta1t" FOR Awe TO Ymax STEP .1
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12190. HOVE Xorg-Xfudge,A
12206 IF AnO THEN LABEL USING 11920;A
12216 IF AS THEN GOTO 12236
12220 LABEL USING 11958;A
12236 NEXT A
12248 GOTO Label-
12256 1 0
12260 Labolx grinc: LDIR 90
12270 LORG 0
1226 FOR RuXorg TO Xmax ABS(Xtic) STEP ABS(Xtic)
12290 MOVE AYorg-Yfudge
1230 LABEL USING 12319;0
12316 IMAGE *,K
12326 NEXT A
12336 Labhlygrinc: LDIR 6
12340 LORG S
12350 FOR AuYorg TO Ymax+AIS(Ytic) STEP ADS(Ytic)
12360 HOVE Xarg-Xfudge,A
12370 LABEL USING 12310;A
12360 NEXT A
12396
12460 Label-: LDIR S
12416 LORG 5
12426 HOVE -leXaax,S
12430 LABEL *RESET CR/LF"

12446 SETGU
12454 CSIZE 2.5
12460 IF (GrincSw"Y") OR (GrincSsay") THEN Grinc-label
12476 IF (GSy") OR (G$="y") THEN Grin label
12460 IF (Diglttze$s"Y") OR (31gitizqSu"y*) THEN Digit label
12496 IF (Ray-traceSm"Y") OR (Ray tr&ce$.'y") THEN Rty lad e
12566
12016 R&ylabel: Centerx*72.5 CHANGE IN Graph ALSO
12526 Centery-62. 5
12536 MOVE 1.SeCenterx,13
12540 LABEL USING 1255S;Nray
12556 IMAGE "Number of Rays : ",K
i2546 HOVE .SeCenterx,9
12570 LABEL USING 125S91Rhoinitial
1266 IMAGE "Incident Ray Angle : ',3D.DD," deg"
12596 MOVE .SeCenterx,5
1209 LABEL USING 12610;N2
12610 IMAGE "n2 : ",D.DDDDD
12626 MOVE 1.5*Centerx,9
12630 LABEL USING 12640;Aperture
12640 IMAGE "Aperture : *,D.BDB." inch'
12636 MOVE Centerx,29
12664 LABEL "Distance Along the GLM Axis (inches)"
12676 1
1264 CSIZE 3
12696 MOVE .*SeCenterx,13
t2766 LABEL USING 1271;Curve
12710 IMAGE "Curve Number : ",K
12720 LBIR 96
12736 MOVE t.SCentery
12740 LABEL "Radial Distance From the Axis (inches)"
127S6 LUIR 6
12744 CSIZE 15/4.54
12776 GOTO Lab.l end
1276i •
12796 DIgit label: Centerxul6
12666 CenteryndS
12016 MOVE 1.S*Centerx,13
12824 LABEL USING 12SSg1ray
12034 MOVE .SeCenterx,9
12640 LABEL USING 12S56;Hittot&l
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C12950 IMAGE *Nubr of Hits on the Image Plane I,
12660 MOVE 1.5*Ce"nt~rx,9
12070 LABEL USING 12886;Perc~n%_image

12000 IMAGE "%~ of Rays to Image Plane : *,39.DD

12900 LABEL USING 12910;Z3
12916 IMAGE 'Image Plant : ,DDD.DD," inches"
12920 MOVE .SeCenterx,S
12930 LABEL USING 12940;N increment
12946 IMAGE 'Number of Increments E9,1.11 I.
12950
12960 COIZE 3
12976 MOVE Contorx,20
12986 LABEL "Normalized Number of Nit* vs Distance fro, the Axis"
12990 M1OVE .SeCentorx,13

13606 LABEL USING 1271S;Curve
1301 IMAGE "Curve Number .,X
13620 GOTO Label end
1306,
130 Grin label: Centerxa72.S
13650 Cent eryE62. 5
13060 CSIZE 2.5
13076 MOVE .SeCenttrx,13
13060 LABEL USING 13906;N1
1396 IMAGE "n1 : *,DD.DDDDD
13100 HOVE .5*Conterx,9
13116 LABEL USING 13126;H3
13126 IMAGE *n3 : *,DD.DDDDD
13130 MOVE 1.5*Cnt~rx,13
13146 LABEL USING 13150;Alpha
13156 IMAGE 'Alpha : ,DD.DD,* degrees*
13166 MOVE 1.S*Centerx,9
13176 LABEL USING 13189;Nra9
12166 IMAGE 4Number of Ray& : ,
12196 CSIZE 3
13266 MOVE Centerxc,20
13210 LABEL *GAIN TRACE"
13220 LSIR 96
13236 MOVE 1.5,Centery
13240 LABEL *Radial Distance Prom the Axis inches )

12250 GOTO Labtl end

13270 Grinc label: CSIZE 3
1326 LONG 5
12290 LOIN 0
12266 Centerxs7ol
12316 Centery*64
1322 MOVE Centorx,5
13230 LABEL *Radius From the Origin (inches)'
12340 LDIR 96
12256 MOVE t.5,Center,
13240 LABEL "Gradient Index Constant C(r) (inches)"

13200 Label*nd: CSIZE 15/4.54
13290 LDtR 90
13400 LONG 5

12416 SETUU
123441 S lpo*(X,Y)
13440 OPTION BASE 0
12450 1
12466 COM INTEGER 1,i,Curve,Np,Nn,N,Ms,Nr,REAL Aneg<e),Rpos(*),R(*),ZI,23,Z4
13476 COM Alpha#TalphaqPhoTrhoRho initialTrhoiPhiTol,NormAlph2
12460 CON NI,N2,N3,Percent~imaqe.Ya,Yb,Apersure,Y bul let
12496 1
13500 COM INTEGER YOlIoap,NrayAdd-ray,Surfno,Plag.Plag2oHNincremenit,Hittota
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132 DEG
1336 DEF FHYI(Y).Y*Tslpha(Talpha-T-ho) 1FINDS THE Y-VALUE OF THE INTERCEPT
13546 1 OF THE RAY AND THE FIRST SURFACE
13550 DIP FHx1(Y)wY/Talpha I FINDS THE X-VALUE OF THE INTERCEPT OF THE RAY
1356 1 AND THE FIRST SURFACE
13576 IF Sur~f no.2 THEN Woops
13566 YnFNY I(Y)
13596 Woops:XnFNXI(Y)
13660 SUREND
13616 SUB Xtnog(,Y)
13620 OPTION BASE 0
13630
134 CON INTEGER 1,J,Curvu.,Np,NnH,N*,Hr,REAL An@4(*)rRpos(**),A(*),Zl,Z3,Z4
13656 CO4 Alpha, Talph&, Rho, Trho, Rhoin it ), Trhijbi, To],,Harm., AlphA2
13660 CON N1,N2,N3,Peocentimag.Y&,Yb,prtveYbka11.
13676
1366 CON INTEGER YVeIoop,Hray,Add-ray,Su.f-o,Flag,FIaq2,Ninc~emont,Hlttota

13499
13e6 DEG
13716 Alphania-1.Alpha
13726 TalphaalAN(Riphai)
13729 DEP FNYI(Y).YsTalphian/(Talphan-Tr-ho) 'I FINDS THE V-VALUE OF THE INTERCEPT
13746 !OF THE RAY AND THE FIRST SURFACE
13756 DIP FHX1(Y)oY/Talphn I FINDS THE X-YALUE OF THE INTERCEPT OF THE RAY
13766 1 AND THE FIRST SURFACE
13776 IF Surf -now2 THIN Weeps
13766 YmFNYt(Y)
13790 Woops:X=FNX1(Y)
13*0 SUDEND
13016 SUB Dialogue
13826 OPTION BASE a
13036 f
13*40 CON INTEGER I,J.Cuv~o..Np,Hn,N,Hz,Nr,REAL Anog(*),Apos(*),R(.),ZI,Z3,Z4
13656 CON AlphaTaIphaRhoTrIhoRhoinitia1,TrhoiPhiTo1,Horai~pha2
13166 CON HlN2,N3,P.rcent imageYa,YbApertureY bullet
13476
13666 CON INTEGER Ye 1ooppNrayAddravSur4-neFlagFlag2,H increment ,lttota

13096 CON INTEGER Lintcount ,Linemax
13900 CON INTEGER Psolrc%,Hpib
13910 1
13)20 CON REAL Hmtn,NMux,R9-aax
13936 CON RtaytracesDigitiz.S,GrinS,GS,GrtncS,Plo1S,Dates
113944 CON X(*),Y(*),Xc(*),M(*),R(*)
13950 i
13966 CON Rho(e),Phi(.),C(*),Y3(.),Hit(*e

12906 DIG
139 Inittlize_%op:Alphaw2l,
14666 TalphaTA4(Alpha)
14016 Rho-initialas
14626 Trho-JwTAN(Rh*_tnitial)
14036
14646 Tolm.00661
14656 Z23Z4.50
1466S 1NluN30
14476 142=1.5
146066
14696 NraywlS I IN ORDER TO OUTLINE THE APERTURE AN EXTRA RAY
14196 Add urayo$ ! MUST DI1 ADDED IF Ya 9
14116 Yaws
14126 YbwY bullet
14120 Ap~rsureaa-ft
141460
14156 y bul letul. I
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C 1416: N increment.100
14176 !

141S6 LInecount%6
1419: Llnemax.4
14206
14210 Noax4
14226 Nmos2
14236 Y2n(1.9SY bulet/2)2 THE 1.05 IS A FUDGE FACTOR TO
14240 Xm23(l.OSeY-bullet/(2*Talpha))^2 'PREVENT THE RADIUS FROM
14250 R maxSQR(Xm2 Ym2) I BECOMING TOO SMALL AND CAUSING A

14260 NUMERICAL ERROR IN THE INDEX SUBROUTINES

14276 Pselect-?

14266 NpibaS
14296 !
14300 GrInSu'C*
14310 G$*'N"
14320 Grincg-'N"
14336 Plot$S"C"
14340 Digltizes-'N"
14356 Date$=*"
14360 REM 444 TEMP .4.

14376 GOTO Alpha
14366 REM *** TEMP *..
14390 Begin: PRINT PAGE,, The following drawing illustrates the optical proble

14406 PRINT *which this program attempts to solve; focousing sonochromati

14410 PRINT 'light rays through & Conical lens for a Gun-Launched-Missile
(GLM)."

14420 PRINT The picture is also labeled showing the various qu&ntitie
s.

14430 PRINT "Please study the picture and become familiar with it. The va
ri ab les
14440 PRINT *will be explained as they appear in the program."
14456 PRINT LIN(2),'PRESS CONT-
14460 PAUSE
14476 CALL Picture
14480 PRINT PAGE," ZI is the intercept of the second surface and the'
14490 PRINT "the GI-axis. Therefore, the value of ZI is APOS(S).'
1400 PRINT LIH(1),'NOTE: Apos(O) is the constant term in the polynomia
I used"
14516 PRINT " to describe the second surface of the lens in the
14529 PRINT * upper half-plane."
14536 PRINT " The (minsmax) values of ZI are CSinfinity] Inches.*
14546 PRINT LIN(2),'PRESS CONT
14556 PAUSE

14568 PRINT PAGE,- There are two planes used as image planes. The first
is
14570 PRINT *located at X=Z3 (default value a ';Z3;'inches). This locats

14566 PRINT *is programmable, according to the needs of the particular pr

14596 PRINT "You key in the new location when locating the position of
1440 PRINT *maximum ray density, or when a new run is begun, Directions

146is PRINT 'be provided at the appropriate time."
14626 PRINT LIN(1),- The second image plane is permanent, located at X-
Z4 a *;Z4;'inches.*
14430 PRINT LIN(2),'PRESS CONT'
14440 PAUSE
146S PRINT PAGE,' This program will trace mochromatic light rays which
Arrive'

14460 PRINT 'at the first surface parallel or at an angle to the Gut axis

14676 PRINT *Non-axi&l rays approach the GLM from 'above', for all rays a
re
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£ , 144S6 PRINT "initiated in the upper half of the meridian plane.*
14616 PRINT LIN(2),"PRESS CONT"
14766 PAUSE
14710 PRINT PAGE," The program uses Snell's Law without approximation.*
14726 PRINT "The appropriate variables are:'
14738 PRINT LIN(1)," 1) Norm a dY/dX - slope of the normal to the s
urf ace"
14740 PRINT " 2) Thetal a angle of incidence with respect to the surf
ace norm|I."
14756 PRINT * 3) Thetar a angle of refraction with respect to the sur
face normal."
14746 PRINT 4) Rho a angle of the ray with respect to the GLN-axls
14?76 PRINT (subscripts indicate the region the ray is in)

14766 PRINT LIH(2),-PRESS CONT-

14790 PAUSE
14066 PRINT PAGE,-The sign convention is :"
14016 PRINT LIN(1),- 1) the origin is placed at the vertex of the first su
rface."
14626 PRINT * 2) distances: (a) positive to the right of the origin."

14636 PRINT * (b) positive above the origin (Y-axis)."
14646 PRINT " (c) positive out of the meridian plane (screen

14856 PRINT * (ie. a right hand system.)"
14866 PRINT " 3) angles: slope a Alpha2 is POSITIVE for counter-clockwise"

14676 PRINT * rotation from the GLN-axis to the ray"
14666 PRINT " 4) symbols: unprimed a object space."

14090 PRINT " primed a image spce.*
14960 PRINT LIN(2),-PRESS CONT"
14916 PAUSE
14926 Alpha:PRINT PAGE,* Alpha is the angle of inclination of the "
14936 PRINT "FIRST surface with respect to the GLN-RXIS"
14940 PRINT LIN(3)," The current value of ALPHA is*;Alpha;"degres"
14956 INPUT "WHAT IS THE NEW VALUE OF ALPHA <DEGREES)?',Alpha
14960 Index:PRINT PAGE," The lens system is assumed to be opersting in air."
14970 PRINT "Therefore the first index of refraction * nle t.06060"
14960 PRINT LIN(I)," It is assumed that n1 ( n2 for the homogeneous and gra

dient cases."
14996 PRINT LIN(l)," You are free to choose any values for n2 and n3 for the
homogeneous case.

1566 PRINT LIN(Z),-PRESS CONT"
15016 PAUSE
15026 PRINT PAGE," The program has the capability to use a gradient index of
refraction (GRIN)."

15036 PRINT "Two GRIN subroutines are avail able:'
19640 PRINT LIN(1)," 1) Parabola : the index of region 2 (the lens) v
aries * !

1556 PRINT " as a parabola from a &in at the vertex"
15640 PRINT " to a maximum (at a radius specified by yo

15679 PRINT " then down to a value determined by the
1560 PRINT " top of *he GLN"
15096 PRINT " The equation is C n(r) a k 0 r-2 I"
15166 PRINT LIN(1)," 2) Circle : the index varies as a circle whose c
enSer is located"
15116 PRINT " at a specified radius from the origin"
15120 PRINT * The equation is E n(r) a SQR( R-max-2 + r-
2 ) ]"
151M PRINT LIN(1),"The radius (for circle) has a minimum value which is half
the *

15146 PRINT "length of the first surface; approximately ";RO_max;" Inches."
15156 PRINT L1N()," You are free to choose any value for n3 for the GRIN ca
Se.*
15166 PRINT LIN(2),-PESS CONT"
15176 PAUSE
110 G8m"N"
151 INPUT "ARE YOU GOING TO USE GRIN ? Y/N",G$
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JI,

15206 IF (G$=u"N) OR (G$s"n*
) 
THEN N2

15210 PRINT PAGE,* Required data for grin :
15220 PRINT LIN(l),' 1) Min w minimum value of the index of-
15230 PRINT "of refraci~on (default a ";Main;")"

15240 PRINT " 2) Nax a maximum value of the index (not required for
C irc I.)"
15256 PRINT e( eault a -;Hoax;.).
15266 PRINT 3) R9-max * radius from the origin at which the maximum

15276 PRINT value of the index occurs. ( MINIMUN a ";R9
max; I)I
1529e INPUT "WHICH ONE : CIRCLE (C) OR PARABOLA (P) ( DEFAULT a C ) ' C/P,Gri
n$
15296 INPUT "WHAT IS Hain ?",Hmin
15366 IF (GrinSu'<C) OR (Grin$ac'I) THEN N3
15316 INPUT WHAT IS Hoax ?",Malx
15326 INPUT 'NHAT IS Rg max ?'",R8 max
15336 H2:INPUT "HAT IS n2 ?-,N2
15346 N3:INPUT "NHAT IS n3 ?*,N3
15356 IF (GSm"N") OR (G~wn") THEN Rho initial
15360 PRINT LIN(2),'NOTE: When the parameter data is printed, the values
of I
15376 PRINT - the index at the first surface intercept will be
15360 PRINT * printed in the folowing manner:"
15396 PRINT * n(9) a 2.3543 n(9) - 2.3567 n(l) a 1.9076"
15466 PRI4T I The subscript indicates the number of the ray intercepting"

15416 PRINT * the first surface."
15426 PRINT LIH(2),-PRESS CONT"
15436 PAUSE
15446 Rho initialPRINT PAGE," The rays incident on the first surface are
15456 PRINT "initially assumed to be parallel to the X-axis. 1 7
15466 PRINT LIN(2)," If you want to trace rays which are &t an &ng
le
15476 PRINT "other than zero (0) degrees with respect to the X-axis,

15490 PRINT 'then key in the value of the angle (in degrees) with "

15496 PRINT "respect to the X-axis.
15566 INPUT "RHO ?",Rhoi1nit4l
1551, Rho initiall-lABS(Rho initial)
15526 TrhZoiTAN(Rho initial)
15536 Y bullet: PRINT PAGE," The GLM is assumed to be assumed to be symmetric
about the"
15540 PRINT "longitudinal axis. The maximum value of the GLN radius is

15556 PRINT "called Vbullet whose default value is ";Y bullet;* inche

15566 PRINT LIH(2),- If your design requires a different value, plea5@"

15576 PRINT "enter that value now."
156 INPUT IY BULLET (INCHES) ?",Ybullet I

15596 YbmY bullet
15406 Aperture: PRINT PAGE,- The aperture is the difference in radial distance
free the GLR axis"
15410 PRINT "proJected onto the first surface,into which light is allo
wed to enter"
15626 PRINT "the GLN optical system. The parameters are "
15636 PRINT LIN(l)," 1) Y& : the minimum Y-value of the aperture"
15446 PRINT " (default value *";Y&;"inch )*
15656 PRINT * 2) Yb : the maximum Y-value of the aperture"
1560 PRINT 

=  
(default value *";Yb;"inch) and is ( Y_bulle

S."
15476 INPUT "WHAT IS Va (INCHES) ?",Y&
154" INPUT "WHAT IS Yb (INCHES) ?-,Yb
15 94. IF Ya>sYb THEN DEEP
15766 IF Ya)uYb THEN PRINT "Ya must be < Yo. Please enter again.*
15714 IF Ya)sYb THEN GOTO 15676
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15720 ApertureuYb-Ya
15?30 IF Yla(> THEN Add raymt
15740 Hray: PRINT PAGE," The program will trace";Nray;" rays through the syste
a usless I
15750 PRINT "you specify another value"
15760 INPUT " How many rays do you want the program to trace?*,Hray
15770 HraysINT(ABS(Nray))

15798 IF Nray(1 THEN Hraya@
15790 IF (GSn"Y") OR (G$*.y") THEN Date
15000 Digitize_: PRINT PAGE," The interval between (9 < Y ( ;';Y bullet;")

and (-";Y bullet;" ( Y ( 0) have been divided"
15016 PRINT -Tn o-;N_incrIment;1 increments to determine ray density.

1502: PRINT LIN(l),"It you want to ctange the number of increments, p

15030 PRINT LIH(2),"The aoxieum number of increments Is 1668."

15940 INPUT "NUMDER OF INCREMENTS ?",N increment
15050 N lncrcemntsIHT(ADS(H increment))
15060 IF N thcrement<l THEN N incrementsl@g

15676 Date:PRINT PAGE
t5se0 iNPUT "What is today's date ?",Dattf
15090 Start: IF (Gs*uY*) OR (GenSy") THEN Gymnastics
15900 PRINT PAGE," The second surface must be Input as polynomial of de

gree I
15910 PRINT "16 or less, defined as a function of Y E xaf(y) for (xy) sy

stem 3"
15920 PRINT "It you have not fit a curve to your data, then go to the uti
lities

15930 PRINT "library,tape two and load REGD.

15940 PRINT "NOTE 1) Use printer code 0 for a hard copy"
1359 PRINT * 2) Invert the X and Y values for the positive branch"

15966 PRINT " 3> Key in (Y,-X) for the negative branch"

15970 PRINT LIN(I)s NOTE : The negative branch is the second surface in

1590 PRINT " the lower half plane"
15996 PRINT LIN(1)," If this is the case, then PRESS STOP, then REWIND
TIS "

1660 PRINT "fit your curve using the utilties library.'
16010 PRINT LIN($)," If not, then PRESS CONT."

16026 PAUSE
14030 Coe*f data.PRINT PAGE 1 THE FOLLOWING DATA ARE ARRANGED AS FOLLOWS:

16040 1 DATA CURVE No.

16050 I DATA NP,HN,N
166601 1 DATA RPOS COEFICIENTS Xaf(Y) FOR Y>@
16S76 I DATA ANEG COEFICIENTS X-f(Y) FOR Y<(

16963 I DATA YuF(X) COEFICIENTSIgo 4

l100 I DATA I I CURVE No. ONE
16110 1 DATA 4,4,4
16126 1 DATA .5063067964,1i.15219319,3.013079,-3.4182912,1.39217761
1636 1 DATA .5063067966,-1.15219319,3.01387539,3.4182912,1.39217791

1149 DATA -. 45214186,1.18544067,-.66350797,.25054923,-.634t74039

1166 

16170 1 DATA 2 1 CURVE No. 10
Il1o I DATA 3,3,3
141,0 9 DATA 1.519S?56399,2.27916152,-2.5236903, 1.63S4?631
16260 P DATA 1.5193?56399,-2.27918152,-2.5230903,-1.63047031
16216 1 DATA 3.3554752,-5.493,2.95 3923,-.4412070

16220
14230 9
14240 9 DATA 3 I CURVE No. 11
16250 DATA 3,4,3
16260 9 DATA 2.,4223634,.30397,12.9266,-62.1566, 125.?96,-114.0765,36
.04104
.1270 9 DATA 2.666223634,-.30397,12.94266,42.150, 125.?946,114.0?65,31.
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16286 1 DATA -11.25773,13.10159,-5.32916S,.?67?61
16296 I
16360
16310 DATA 4 I SURFACE NR I FOR n2a4, Fs4 INCHES
16320 DATA 2,2,2
16336 DATA .3164601721,2.7546I36449,-.3649?72643
16346 DATA .3194601721,-2.7540136449,-.3649729143
16350 DATA -.1671362125,.3341667929,.e275193761
16360

16370 4
16360 Explain: PRINT Since this program is tntendea to be used to evaluate"
16390 PRINT "various second surfaces a method of labeling the current"
1640 PRIMT "design surface has been incorporated into the algorithm.:
16416 PRINT * The program will ask you for a curve number. As that'
16426 PRINT "time, key in any number (integer or real) you wish to use"
16436 PRINT 'identify the surface."
16440 PRINT LIN(2),"PRESS CONT"
16456 PAUSE
16466 Coefpos: PRINT PRGE,The current values of Curve and Np (the degree"
16476 PRINT "of the positive branch x - f(y) ) are:"
16466 READ CurveNp,HnN
16496 PRINT LIN(I)," Curve a ";Curve
16566 PRINT " Np a ";Np
1616 INPUT "WHICH CURVE ARE YOU USING (CURVE No.) ?*,Curve
16526 INPUT "WHAT IS THE DEGREE OF THE POLYNOMIAL FOR THE POSITIVE DR
ARCH (Np) ?',Np
1693 PRINT LIN(2)
16946 Quick loopp: PRINT "NOTE: These are the current values of the Positive
branch CoefTients:"
1656 PRINT
16566 FOR In$ TO Np
16576 READ Apos(l)
16566 PRINT USING 1659S;1,Apos(I)
16590 IMAGE "ApOs("4D*)z ",K
I£68 NEXT I
16616 PRINT
16626 ZImApos(S)
16630 AnlyS0*NONE*

16646 INPUT "ARE YOU GOING TO CHANGE ANY OF ALL OF THE COEFICIENTS ? SOMRE/LL'
NONE ",tny$
16656 IF (AnyS=*NONE") OR (AnyS"none&) THEN Hone p
166as IF (AnyS=SONE*) OR (Any*w"some") THEN Somep
16711 AllIp:PRINT
14s PRINT "Piease key In the coeficients, beginning with the constant:"
1ld FOR Ins TO Np
16766 INPUT "",Apos(I)
16716 PRINT USING 1659O;I.Apos(I)
16720 NEXT I
1676 Honep: PRINT
1 740 YSIN""
16756 INPUT "DO YOU NEED TO MAKE ANY CORRECTIONS ? Y/N",Y$
16766 IF (Y6a'Nl) OR (YS."n') THEN Coef neg
1:770 SomeJI INPUT "WHAT IS THE NUMBER OF THE COTFICIEIHT ? (0,1,2, etc)",Npp
16704 INPUT "KEY IN THE CORRECT VALUE, THEN CONT*,Ap s(Npp)
147" PRINT USING 16396;NppApos(Npp)
16666 YSm*Y"
16616 INPUT "IS TNAT rALL,YJi
1662 If (YSumy*) OR (Ym"y") THEN Coef neg
16636 IF (Anyvs"OME") OR (AsySwsome*)-THEN Some_p
14640 GOTO Some p
1:656 Colneg: PRINT PAGE,"The current values of Curve and Nn (the degree"
1se PRINT "of the negative obranch x - f(-y) ) are:"
1667O PRINT LIN(1)," Curve a "ICurve
16666 PRINT " Nn a ";Nn
6890 INPUT "WHAT IS THE DEGREE OF THE NEGATIVE BRANCH POLYNOMIAL (Nn)
7", Nn
14906 Quock_loopn:PRINT LIN(2),"NOTE: These are the current values of the neg
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0 aive branch coeficients:"
16910 PRINT
16920 FOR IS0 TO Nn
16930 READ Aneg(I)
16940 POINT USING iESSO;I,Antq(I)
16956 IMAGE *Anqg("40') 0 ,

16964 NEXT I

16976 PRINT

1690 INPUT "ARE YOU GOING To CHANGE ANY OF ALL OF THE COEFICIENTS ?SOIIE'ALL'

HOME *,Any$
1?606 IF (Anysm"NOHE") OR (Rny*U"lofl") THEN Honefl

1r61$ IF (Any~o"SONE") OR (AfyS"somv*) THEN Sote~n

17620 Al' In:PRINmT
-?3 PRINT "Please key in the coeficietts, beginning with the constant:*

17646 FOR 1.0 TO Hn

17056 INPUT ""%Aneg(l)

17060 PRINT USING 16950;1,Antg(t)
17676 NEXT I
17600 None-n: PRINT
1790 Y$S"Nl
17166 INPUT "DO YOU NEED TO MAKE ANY CORRECTIONS ? YrN-,YS

17116 IF (Y~m"H") OR (YSm"n") THEN Gyanastics

17120 So.. n: INPUT "WHAT IS THE NUMBER OF THE COEFICIEINT 7 <9,1,2, *tc)*,tnn

t71369 INPUT "KEY IN THE CORRECT VALUE, THEN CONT",Ang(Nn)

17140 PRINT USING 16950;NnnAAmg(Nnn)

17156 ysS4Y*
17140 INPUT 'IS THAT ALL",YO
179 IF (YS."y") OR (YSO'y") THEN Gymnstics
106 IF (AnySU"SOME") OR (AnySm~some*) THEN Sooe-n

17196 GOTO Sao@on
17206 Gymnast cs:$UBEND 

I

17216 ! I
17226 i
17236 SUR Char
17240 FOR 1-0 TO 79
£7250 IF 17?9 THEN PRINT CHRS(226)
17266 IF 1.79 THEN 1720
17270 PRINT CNRS(229);
17200 NEXT I
17296 SUIEND
17306 SUB X2p**CX2.Y)
17316 OPTION BASE 6
17326 Con INTEGER 1,J,Curv*,Np,HflN,N5,N,REAL Rneg(*),Ap05(*),A(*),ZI,Z3,

2 4

t73360
17340 FOR too r0 Np
17356 X2uX2*Apos( 1)*Y 1
0?360 NEXT I
17276 SUBEND

173SO SUB X2meq(X2,Y)
17390 OPTION BASE
17466 Con INTEGER IqJCuvH,Hnf,,5,NI,RAL Aneg(*),Apos(*),A(*),Zl,Z3,Z4

17426 FOR 1o.0 M
17420 X2aX2#hneg(lI)*Y-1
17440 NeXT I
17456 SUBEND
1740 SUR Index) (X,Y)
17470 OPTION BASE 0
17466
17490 CON INTEGER I, J,Cuvrve, No, NnN, NS,N,REAL Anog#), Ros(*, R(#>, Z1,Z 3 ,Z4

07546 CON Alpha.Talph&,Rho,Trh0,Rho.ifitial,Trhoi,Phl,Tol,HtruAlphaZ
17510 CON Nl,H2,N3,Percent..ioaqe,Ya,Yb.Apertur*,Y-bullet
1730
1736 Con INTEGER YO loopNsayAdd~raVSurf...flFla,F2H.inceoent ,Hit t~ota

17S46 Con INTEGER Linecomnt,L0nesax
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C 755: CON INTEGER Pse.1c.cpib

17579 CON REAL Nmin,Nftax,R9 max
F 7504

1 D" IG
1766 Xm~w.G9/Talph& I FROM ywmx + b AND YMax 1.
17416 Ym20X%2*T&lph4
17426 IF Re-%ax<SQR(Xm2-2+Ym2^2) THEN *omaxSQR(X22#Ys2 2)

17656 Kw(Hsax-Nmin)/*2
17646 vu(Radius-Ro max)^2
17476 N2=Nuax#K*l
1766 SUBEND
10960 SUR IndtxC(X,Y)
17760 OPTION BASE 0
17710
17726 CON INTEGER I,J,Curvg~,pNngNg,Nr#fEAL Aneq(*),Ap~s(#)sA(*),Z1,Z3rZ4

17726 CON Alh.ap&RoThh~ntarahoomRp&
17740 CON NI,H2,N3,Percenttmq.,Y,Yb,Apeflur,Y.Ull@

17746 CON INTEGER Yelo,Nray.Adda,Sufo1& g,F92..ictr@flet,tttoI,,a

17776 CON INTEGER Linecoun%,Linemax
17el CON INTEGER Psolect,Npib
1779" 1
1760 CON REAL Nmin,NmaxR6-max
17316 9
17626 DEG
1736 Xm2s.60T&1ph& I FROM y-ex + b AND Ymax a 1.2
17346 Ym2wXu2*TA1 pha
17356 !F Re max(SQR(Xm2-2+Ym2-2) THEN Ro-maxslR(Xm2-2+Ym2-2)
1768" Radiuas QR(X'2#Y-2)(17670 RGe max-2
17366 lw(Radius-R6 max)-2
17906 C2A0-2
17906 H2*mo~i*SOR(C2)
17916 SUBEND
17920 BU3 Density
17936 OPTION BASE 6
17946 1
17956 CON INTEGER 1,J,Cuww.,p,Nn,N,Ns,N,REAL A~g.,pse,()Z,3Z
1796 CON Rlhap&RoThh~ntarohoo*Ap&
17970 CON N1,N2,N3,P~rcent..iU&g9,Y&,YbAp~rturt,Y..bU9 1.

179"6 CON INTEGER Y61Ioop,Huray,AddjaySuf..fo,F1 ag,FP42,N~increft ,Nt-tota

19616 CON INTEGER Psocot,iNewab
10016 CON INTEGER Lselcou%,Lifl@

10020 9
16SM CON REAL NMan,Nmax,R6 %&x
19646 CoNt RaID.trac.S,Digit :.S,Grin$,GS,Grtlc$,PlotS,Dat@S

ISM1 call X(*).Y(*),XC(*.(*),R(*)

16676 CON *ho(*),Pht .,C(),Y3(),t(*)
11606 f
161"6 DEG
1ells f THIS ROUTINE COMPUTES THE RAY DENSITY IN ONE DIMENSION.
16123 1 ASSUMPTIONS:
1le30 1 1) TNE POINT OF MAXIMUM RAY DENSITY HAS BEEN FOUND VIA A
16140 1 DIGITIZE STATEMENT.
16156 9 2) THE VALUES OP Y3 NAVE !% BEEN CHANGED TO REFLECT THE
161s6 MN VALUE Of Z3

tells PRINTER 1S 14
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16216 Re daw: FOR lot TO Neayi

ISM2 HsuHs+l

£6246 AoXc(I)
10250 XoX(NS)
10260 YY(NS)
16276 Rhos~ho(Nr)
10260 Trho=TRN(Rho)
16296 IF A<21 THEN Negathi.

1p 0300 Positive: IF RhosO THEN Next , TOTAL INTERNAL REFLECTION AT X2POS
16316 GOTO Sam*
16326 Negative: IF Y<m-Ybullet THEN Noxt-I Y2*-Y bullet w>TNE RAY MISSED
X2 P05/HEG
£6230 -IF Rho-a THEN Nxtt i TOTAL INTERNAL REFLECTION AT X2NEG
£6346 Sam.: U~ltayo(Z3-X)eTrho
10356 Y3&YDelta#
1064 X(Ns.1)mZ3
10376 Y(Ns*1)aY3
1:00 Next 4: NEXT t
16396 Y3 -aray': Jo0
16466 FOR l.1 TO Nray
16416 Y3(3)&Y(5*I-2)
16420 1.3+1
16430 NEXT I
1:446 Hit-zero: MAT NitoZER(2061) IZERO TNE ARRAY
£6456 Inc-# FIND THE No. OF HIT IN THE
16446 Ylastw-Y bullet IINTERVAL C -YD2ULLET, -YBULLET+DELTA/2)
16476 DoltanY u£lot/H incremnet
16466 Ynext=YTamtDelta#,2
16496 Ml%(Inc)*0
16506 Joe
16516 FOR tat TO Nray
16526 IF (Xc(l)<ZI) AND (Y3(J)6$) THEN H~xtj ! IGNORES NEGATIVE

16540 IF (Y2(J)>mYla*%) AND (Y3(J><Ynext) THEN HitIncH RAYSc)+
16556 Nextsj: Ju*oNt(fc)N~(nC4
15604 NEXT I

16570 Nit ciddit: PFIND THE No. OF H4ITS IN THE INTERVAL
16566$ t -Y-DULLET+DELTA'2, Y BULLET-DELTA/2)
165,6i FOR Lot TO 2*14incremegn-t
16og" Inculncel
16416 Hi%(Inc)u6
10626 Ylass.Ynext
10436 Yn~xtuYlast+D~la
16446 Koo
19430 FOR lo1 TO Nra.
16460 IF CXc(t)(ZI) AND (Y3(K)o6) THEN Next k PIGNORES
19670 ! NEGATIVE BRANCH RAYS
19466 IF (Y2CK)>wYlast) AND (Y3(K)<Ynext) THEN Hi%(Inc)oNit(
Inc)*1
1""9 Next k: KwK*1
1&MO NeXT I
10716 NeXT L

16720 Hi tas nco2*N increment 1 FIND THE No. OF HITS IN THE LAST INTERVAL
10736 Mis(Ine)w6 I CY_3LLET-DELTAe2, YDULLETI
16740 Kos

1676 YnextaY bullot
16776 FOR lot TO Nray
16706 IF (Xc(I)<ZI) AND (Y2UM)w4) THEN Next a IGNORES
1s?"9T NEGATIVE BRANCH RAYS
loses IF (Y3(M)>oYlast) AND (Y3(M)(*Yntxt) THEN Hi%(Inc)wHit(Inc)+
I
1661 Next-a "="*NI
16*06 NeXT I
16636 Normalize: Nit-totalwS I NORMALIZE THE No. OF HITS ON THE
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I

10040 FOR Ins TO 2eN increment I IMAGE PLANE (Z3) TO THE TOTAL

l1s5 Hit tot&almmt total+Hit(!) ! No. OF NITS

Isas NEXT I

16666 IF Hit tota)l. THEN None

1.496 FOR ImS TO 2*N increment
16960 Hit(I).Hit(I)/Hittotal
10916 NEXT I
10920 None: PctuMtt totl/r&y ! I OF RAYS THAT ARRIVE AT THE
13930 Percent iw&e

m
Pct*I00 IMAGE PLANE

16940 Graph: CALL Plot - PLOT AND LABEL THE AXES

19s IF Hit tot&an@ THEN Label_
190 First bar: Xltsu-Y bullet I DRAW THE HISTOGRAM
16970 XnextuXlast+Delta/2 1 INTERVAL 1-YBULLET, -Y SULLETDELTA/2)

19940 Incu
10990 IF Nit(Inc)we THEN Mid4le bars

1ffe CLIP Xlast,Xnext,@,Hi (Inc)
19610 FRANE
19020 GOSU Delt
19630 Middle bars: FOR 1l1 TO 2*N Jncrement-I I INTERVAL

19040 IncwInc¢l I C-Y3ULLET+DELTA/2, YBULLET-DELTA/2)

19650 XlastaXnext
9I6 XnextXlsDt*elta
19070 IF Hit(Inc)w9 THEN Next -im

19000 CLIP Xlat,XnextpG,HitCInc)
19690 FRAME
19100 GOSUS Dolt
19110 Next t ag NEXT I19120 Laust-bar: lncu2*N - ncrement ! INTERVAlL CY BULLET-DELTA,,2, Y_BfJLLET]

19136 XlastuY bullet-Delta/2
19140 XnextuY bullet
19156 IF H1i(Inc)w6 THEN Label
19*60 CLIP XlastXnext@,Hit(Inc)
19176 FRAME
1910 GOSU Delt
19196 Label-: LDIR 6

1920 LONG 2
19216 1 SETGU
19226 1 MOVE 2,2
19239 ! CSIZE 2.5
19240 I LABEL *PRESS CONT'
19236 1 SETUU
19264 CSIZE 15/4.54
19270 sEEP
19200 WAIT 250
19299 SEEP
19366 PAUSE
19310 EXIT GRAPHICS
19320 SUDIXIT
19336 Belt: Linesole
19340 Delu(Xnext-Xlaat)/Lines
19350 XQXlss-Bet
19340 FOR Jet TO Lines

19370 XwXDelt
19306 NOV X,
19 1 IRAN XNit(Inc)
19400 NeXT .
19419 RETURN
19420 SUSEND
19430 SUS Picture
19446 Scale-: GCLERR
19450 PLOTTER IS 13,-GRAPHICS3
1940 GRAPHICS
194?0 LIMIT 0,164,0,140
9 "So. SCALE -20,152.4.-55,55
1949" AXES 3,5,0,0,10,10
19506 Label MOVE 20,45
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19516 LADEL 'THE PROBLEM'
19526 MOVE 20,44
19530 DRAM $0,44
19546 Draw-body: MOVE 0,e
19556 DRAM ?4,36
19560 DRAM 164,36
19570 MOVE 0,s
19560 DRAM 74,-39
19596 DRAM 104,-30
19666 Dra-inlet: MOVE 76,35
19610 DRAM 66,36
1920 DRAM 164,36
19636 MOVE 70,-35
1%4O DRAM 90,-39
19650 DRAM 164,-38194 Second surf: MOVE 3e, 9
19679 DRAW 35,5
1960t DRAW 40,9
1%90 DRAM 45,13
19700 DRAM 50,15
19?1 DRAM 74,39
19726 MOVE 3606s
19736 DRAM 35,-5
19740 DRAM 40,-9
19750 DRAM 45,-13
19766 DRAM 56,-15
19770 DRAM 74,-30
19700 Ray: MOVE 6,18
19796 DRAM 40,15
1966 DRAM 45,13
19016 DRAM 194,-14
19020 lmageplane: MOVE 00,30
19636 LINE TYPE 4
19046 DRAM 09,-3e
19656 Label ipctur.: MOVE 65,-5O

* 19060 LINE TYPE I
19676 LABEL "5/54 GLM"
19666 MOVE 65,15
19696 LABEL "IMAGE PLANE-
19900 MOVE 15,2
19916 LABEL "ALPHA*
1"20 MOVE 16,6
19936 DRAM 6,2.5
1"940 MOVE 5,16
1990 LABEL "INCIDENT RAY"
19960 MOVE 35,2
19976 LABEL "Z1
19906 MOVE 35,2
19990 DRAM 36,6
26666 MOVE 113,2
2n10 LABEL "Xc"
2020 MOVE 113,2
26 3 DRAM 116,6
2040 MOVE 62,2
291 LAIEL "Z3"
a66e MOVE 62,22e?O DORM so,@
26666 MOVE 130,3
26696 LABEL 'C-
20166 MOVE 131.5,1.3
26116 LABEL 'L*
2120 ROVE 5,-10
26030 LABEL "n1"

L 20140 MOVE 30,-10
261516 LABEL n2
2t" MOVE 160,-Io
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20170 ABEL."

26166 Finished: MOVE M5-53

20196 LABEL 1PRESS CONT"

26210 WAIT 256

26236 PAUSE
20246 EXIT GRAPHICS
26256' SUIEXD
26266 SUN X2p(X ,Y)
26276 OPTION BASE 6

20296 CON INTEGER 1,J,Curv,Ni'n,N,NsNELAe()AO()A4,I~Z

20316 DEG
26320 FOR 1n6 TO H

26336 yuY.a(I)*Y-t
26346 NEXT I
26356 SUDEND
26366 SUN X2n(X.Y)
36370 OPTION BASE 6

26396 CON INTEGER I, J,CUui,*NpgNNsNr, REAL Aneg(*),Apos(C),A(*),ZI.Z3jZ
4

26460
26416 DEG

*26426 CALL X2p(X,Y)

26436 Yo-t*Y
20446 SUDEXIT
26456 SUB Miln(Xm*),X,INTEGER N)
26466 OPTION BASE 6

26466 DIN Xm(h)
26490 1
2s5e6 XwXw(6)
26516 FOR let TO N

20526 XuNin(X,Xft(I))
26536 NEXT 1
20546 MUEND
26556 SUB Hax(Xft(*)oX, INTEGER N)

26566 OPTION BASE 4
26576
36566 ! DIN Xw(N)
26596 1
2666 XoXf(6)
26416 FOR 1et TO N

26626 XuNIN(X,Xa(I))
20436 NEXT I
2646 SUDEND
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APPENDIX C

C POLYNOMIALS USED FOR THE SECOND SURFACE

A. INTRODUCTION

The following discussion compares the attributes of three

analytic expressions, in polynomial form, used as second sur-

faces for a conical lens. The lenses are compared in terms

of the individual lens ability to cause some or all of the

incident light rays to converge to a point. The points of

ray convergence are referred to as "focal" points although

they are not focal points in the standard usage of the term.

Lens designers have developed a system of standards used as

figures of merit to compare one lens to another. These

standards include spherical abberation, coma, tilt, astigma-

tism and others. The figures of merit have not been calcu-

lated because the three curves discussed in this appendix are

known to be completely unsatisfactory to use as refracting

surfaces. The purpose of the thesis is to discover which

properties of a curve to investigate in order to lead to

usable design. Therefore an intuitive comparison of ray

diagrams, histograms of ray distributions and the set of

basic design criteria described in chapter III are the basis

for the discussion of curves A, B and C in this appendix.

B. CURVE A

curve A, shown in figure C-1 was the first analytic ex-

pression used an a second surface to produce a ray diagram.
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The curve was calculated by otaining the data listed in

CTable C-1 from an arbitrary hand drawn curve. These data

were used as the input to a regression analysis routine in

the HP-9845B utilities library. Since TRACE requires the

second surface to be expressed as a polynomial function of

y, three curves were fit to the data. Table C-II contains

the coefficients for each of the polynomials. The first
polynomial relates the radial distance from the GLM axis to

the distance along the GLM axis, i.e. radius - f (distance

along the GLM axis). The remaining two are required by

TRACE for ray tracing and graphics purposes. The second

expression relates the distance along the GLM axis to the

radius from the axis in the upper half-plane; i.e. distance

along the GLM axis - f(radius). The third expression relates

the distance along the GLM axis to the radius in the lower

half-plane; i.e. distance along the GLM axis = f(-radius).

All linear dimensions are in inches.

I01
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TABLE C-I

C DATA POINTS FOR CURVE A

y = f(x)* x = f ~y)* x = f(-6)*

(Ordinate,Abscissa) (Ordinate,Abacissa) (Ordinate,Abscissa)

0.500,0.00 0.00010.500 0.000,0.500

0.600,0.069 0.069,0.600 -P.069,0.600

0.700,0.138 0.138,0.700 -0.138,0.700

0.800,0.188 0.188,0.800 -0.188,0.800

0.900,0.238 0.238,0.900 -0.238,0.900

1.000,0.281 0.281,1.000 -0.281,1.000

1.500,0.500 0.500,1.500 -0-50011.500

2.000,0.731 8.731,2.000 -0.731,2.000

2.500,0.938 0.938,2.500 -0.938,2.500

2.900,1.100 1.100,2.9#0 -1.100,2.900

*- For x = distance along the GLM axis and

y = radial distance from the GLM axis.
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TABLE C-II

POLYNOMIAL COEFFICIENTS FOR CURVE A

Coefficient Positive Negative

Number Branch Branch

a i y If(x)* x =fCy)* X f (-y)

a -0.45216186 JO.5003.067966 0.5003067966
0

a. 1.18544007 1.15219319 -1.15219319

a2  -0.66358797 3.0138759 3.0138759

a3  0.25054923 -3.4182912 3.4182912

a4  -0.034174838 1.39217781 1.39217781

*- For x = distance along the GLM axis and

y = radial distance from the GLM axis.

4
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A ray diagram using TRACE, which is shown in figure C-2,

C demonstrates that curve A has the ability to focus some of

the rays to a point near the wall of the GLM at a distance of

21.18 inches along the GLZ4 axis. Figure C-3 is the histogram

of the ray distribution for figure C-2 and shows a maximum at

1.08 inches. If this distribution were rotated about the GM

axis, the two dimensional distribution would be a set of

concentric rings centered on the GLM axis with the most in-

tense ring at a radius of 1.08 inches. Although this ray

pattern is unsatisfactory, the fact that some rays converged

to a focus was encouraging.

The converging rays were coming from the middle region of

the curve. The slope of the middle region of the curve is

slightly larger than the slope of the first surface. The

slope of the regions above and below the middle region have

slopes which are approximately the same as and greater than

the slope of the first surface respectively. The ability of

the middle region to focus light rays suggested the existence

of a range of slopes which would cause convergence of light

rays. The light rays which intercept the second surface in

the lower half-plane are totally internally reflected because4

of the large angle of incidence. Total internal reflection

occurs when Snell's Law sineR - (n2 /n 3)sine1  results in

sin R 2 1. The critical angle of incidence 0c is where

sineR = 1 and any angle greater than 8c results in total

internal reflection. The range appears to be in a narrow
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band with the minimum value greater than the value of the

£ cone angle, az. Since the curve is concave with respect to

the first surface, the next step of the investigation was to

study curves with the appropriate slope comparable with curve

* A and regions concave and convex with respect to the first

surface. These two criteria were the basis for choosing

curves B and C for further investigation.

C. CURVE B

Curve B, shown in figure C-4 was chosen because the

analytical expression which describes the curve exhibits

-..Igions similar to those discussed for curve A. The shape

of curve B is smooth with an inflection point providing

regions concave and convex with respect to the first surface.

The data used to generate the analytical expression for the

curve are listed in Table C-IIl. Three analytic expressions

were calculated as for curve A. The coefficients for the4

three polynomials describing curve B are listed in Table C-IV.

The ray diagram in figure C-5 demonstrates the ability

of curve B to cause somie of the light rays to converge to aj

"focal" point. A ray diagram with an image plane located at

the point of maximum ray density is shown in figure C-6. Al-

though this ray distribution is not satisfactory the distri-

bution of rays is relatively better than the ray distribution

for curve A shown in figure C-2.

The ray distribution of curve B is better than that for

(I~ curve A because the point of ray convergence is closer to
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II
TABLE C-Ill

DATA POINTS FOR CURVE B

y -fx x = ~~x-

(Ordinate,Abscissa) (Ordinate ,Absciasa) (Ordinata,Abucissa)

1.500,0.000 0.00011500 0.00011.500

1.70#,0.075 0.075,1.700 -0.075,1.700

*1.9#0,0.200 0.200,1.9#0 -0.2#0,1.90

2.100,0.394 %.394,2.10# -0.394,2.100 f
2.300,0.569 0.569,2.300 -0.569,2.300

2.500,.0.744 0.744,2.500 -0.744,2.50

2.70#,0.888 0.888,2.700 -0.888,2.70

42.9#0,1.#00 1.000,2.900 -1.000,2.90

*:For x - distance along the GLM axis and

y - radial distance from the GLM' axis.
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TABLE C-IV

POLYNOMIAL COEFFICIENTS FOR CURVE B

Coefficient Positive Negative

Number Branch. Branch

ai y = f(xl* x = f(y1* x f(-y)*

a0  3.3554752 1.5193756399 1.5193756399

ai  -5.6849365 2.279198152 -2.279198152

a2  2.959523 -2.523J983 -2.5230983

a 3  -0.4412878 1.63047031 -1.63047031

*: For x = distance along the GLM axis and

y - radial distance from the GLM axis.
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both the lens and the GLM axis. The histogram for curve B in

C figure C-7 shows the point of maximum ray density is located

at a radius of approximately 0.2 inch from the GL14 axis. The

point of maximum ray density for curve A is at a radius of

approximately 1.08 inch from the GLM axis. Although curve A

causes more of the rays which strike the image plane to focus

than curve B does, the ability to achieve a short focal length

is more desirable and therefore curve B is judged to be better

than curve A. A second factor which must be taken into ac-

count is the fraction of rays transmitted through the lens.

Curve A transmits 84% (42 of 50) of the incident rays through

the lens. Curve B transmits 68% (34 of 50) of the light rays

through the lens. The fraction of transmitted rays could be

increased by moving the second surface forward and making the

lens thinner.

The ray diagram and histogram for curve B in figures C-6

and C-7 reveal the absence of a large number of rays in the

lower half-plane near the lens. Rotating the histogram

about the GLM-axis would generate a set of concentric rings

with the most intense at a radius of 0.2 inch from the GL4

axis.

Using the ray diagram and histogram for curve A in fig-

ures C-2 and C-3 as baseline design figures for the GLZ4 lens

curve B is judged to be the superior curve of the two due to

the capability of curve B to cause light rays to converge in

a region relatively close to the lens and near the GLZ4 axis.
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Curve A exhibited one convex region and one focal point.

The rays intercepting the second surface in the lower half-

plane were totally internally reflected as they were for

curve A.

The investigation was now directed to probe the ability

of a convex surface to cause convergence of the light rays

at a shorter distance along the GLM axis than a concave

region. Curve C was chosen because the analytic expression

is a higher order polynomial with several inflection points.

D. CURVE C

Curve C shown in figure C-8 was chosen because the higher

order polynomial contains several inflection points. The

inflection points provide regions of concave and convex sur-

faces. If the results for curve B are valid then curve C

should cause rays to converge to several focal points, one

for each convex region. The data points for curve C listed

in Table C-V were obtained and the polynomial coefficients

in Table C-VI were generated ini the same manner as for curve

The ray diagram in figure C-9 show two distinct areas

where rays exiting the lens from a convex region converge.

The focal points possess the same characteristics as thoseI of curve B. The focal points are located in a region close

to the lens and are formed from rays emerging from a convex

portion of the surface. Light rays refracted from concave

0 regions of the lens do cross other light rays, but do not
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TABLE C-V

CDATA POINTS FOR CURVE C

y = f(x)* x = f(y)* x f(-y)*

(Ordinate,Abscissa) (Ordinate,Abscissa) (Ordinate,Abscissa)

2.#00,0.00 0.000,2.000 0.000,2.000

2.100,0.081 0.081,2.100 -0.081,2.100

2.200,0.175 0.175,2.200 -0.175,2.200

2.300,0.244 0.244,2.300 -0.244,2.300

2.400,0.331 0.331,2.400 -0.331,2.400

2.500,0.500 0.500,2.500 -0.500 .500

2.600,0.600 0.600,2.600 -0.600,2.60

2.700,0.612 0.612,2.700 -0.612,2.700

2.80.0,0.744 .0.744,2.800 -.0.744,2.800

2.850r,0. 8125 0.8125,2.850 -0.8125,2.850

2.917#,1.0#0 1.000,2.900 -1.000,2.900

*: For x = distance along the GLM axis and

y = radial distance from the GLM axis.
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TABLE C-VI

POLYNOMIAL COEFFICIENTS FOR CURVE C

Coefficient Positive Negative

Number Branch Branch

a i  y - f(x)* x - f(y)* x - f(-y)*

a -11.205773 2.033622364 2.03622364

a1  13.18159 0. 30397 -0.30397

a2  -5.328168 12.96206 12.96206

a 3  #.767801 -62.1508 62.15.08

a 4  0.00 125.7966 125.7966

a 5  0.00 -114.0765 114.0765

a 6  0.00 38.06104 38.06104

*: For x = distance along the GLM axis and

y radial distance from the GLM axis.
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converge as a group as do the light rays from the convex

(ii regions.

Comparing the focal points caused by curve C shown in

figures C-10 and 11 with figure C-1 for curve A shows that

the focal point caused by curve A is located at a point 21.18

inches along the GLM axis and at a radius of -1.08 inches

(21.18, - 1.08) inches. The focal points for curve C are

positioned at approximately (3.46, -0.25) inches and (3.25,

0.54) inches. If the histogram in figure C-12, drawn for

the image plane in figure C-10 was rotated about the GL14 axis

a set of concentric rings would be formed. The most intense

rings would be located at radii of 0.25, 0.34 and 0.44 inch.

Rotating the histogram in figure C-13 drawn for the image

plane in figure C-lb would produce a similar set of rings,

the most intense located at radii of 0.16 and 0.54 inch.

Comparing the number of rays transmitted reveals curve A

transmits 84% (42 of 50) of the incident rays and curve C

transmits 58% (29 of 50) of the incident rays. However,

since curve C causes light rays to converge in a region

closer to the lens than does curve A, curve C is judged to

be better than curve A. Also, all but one ray which inter-

cepted the second surface of the lens using curve C in the

lower half-plane experienced total internal reflection at

the second surface.
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E. CONCLUSION4S

C Three conclusions are drawn from the comparison of curves

A, B and C. First, a range of slopes for the second surface

exists which will enable the second surface to refract light

to a focal point. The ray diagram for curve A, B and C

shown in figures C-2, C-5 and C-9 illustrate this relation-

ship as well as the fact the rays which intercepted the

second surface in the lower half-plane were almost all total-

ly internally reflected. The relationship between the slopes

ofthe first surface tana and the second surface tanca2

is shown in figure C-14. Rays are refracted in the region

where a > the functional value for a given index of refrac-

tion; rays experience total internal reflection when m2 <

the functional value for a given index of refraction. The

second conclusion is that a second surface which is convex

with respect to the first surface causes light rays to con-

verge in a region much closer to the lens than a concave lens.

The third conclusion is tnat a single polynomial used toI

describe the second surface of a lens does not satisfactorily

refract rays to a focus. CHART calculated surface D shown

in figure C-15 for eleven rays. This is surface number one,
illustrated in figure 17. A parabola was fitted to the eleven

points using the HP-9845B Utilities Package. The fit appears

to be quite good, especially when figure C-15 is compared to

figure 17. However, when 50 rays are traced through the lens

the ray diagram in figure C-15 in the result. The associated
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histogram in figure C-16 shows the ray distribution on the

C image plane at the design focal point of 4.00 inches.
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APPENDIX D

9 THE USE OF A GENERAL BLOCK OF MATERIAL AS A LENS

LCDR C.L. Burmaster, Naval Postgraduate School, suggested

the use of a rhombus shown in figure D-1 as a refracting lens

because this type of lens should transmit light without aber-

ration. The following discussion applies Snell's Law to this

lens with the following boundary conditions:

1) Side (D is parallel to side .

2) Side Q is parallel to side ( and symmetrical to

the GLM axis.

3) The ray in medium 3 is parallel to the incident ray

in medium 1.

4) the index of refraction of the lens is related to the

indices of media 1 and 2 in the following manner:

nI < n2 and n2 > n3

The incident ray in medium 1 makes an angle of incidence

with Al the normal to the first surface. The ray is

refracted into the lens at an angle of refraction, e with

respect to n, according to the relation sinOR =(nl/n 2 )sin I

Snell's Law. The ray traverses the lens and forms the angle
of incidence e with the normal to surface 4. The ray

is refracted according to sinR4 = (n3/n2 )sinOI4 noting

that since surface QD is parallel to surface n' 1 is

parallel to n4 and therefore - e. Since the ray in
4 4 R3.

medium 3 is parallel to the incident ray in medium 1 8R4= 8I,

243r
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and applying Snell's Law at surface number 1
Usine, n2sn

* I and again at surface number 4

sine 2 sine

therefore equating e I and e
14

12 2 _

n n3

therefore n11 - n 3.

The conclusion for this lens is that the indices of refrac-

tion for media 1 and 3 must be equal. The lens causes inver-

sion of the image because the rays are incident in the upper

half-plane and exit in the lower half-plane.

A more general lens is shown in figure D-2 which does not

have boundary conditions 1) and 2) above. All other boundary

conditions apply and in addition the lens is symmetric about

the GLM axis.

The incident ray in medium 1 forms an angle of incidence

e with All, the normal to surface C.The ray is refrac-
ted according to sineR (nl/n2)sine, and traverses the

medium, forming the angle of incidence 0 with R the

normal to surface (i.The ray is refracted into medium 3

according to sineR (n 2/n 3)sin81  parallel to the incident4 4 I
ray in medium 1. Noting the angular relationship between ,
and A in figure D-3 such that eM a e+ 6 and 8 a c - y,

then e -iy where a and y are the angles of sides
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and ( with the GLM axis, respectively.

(Now =

Hence 8R = - (a - y)

Similarly 8 1 0 RI+ 6 8 R + -

From Snell's Law applied at side QD is

sine R 2 sin@43  4R

Noting that 4= 0 +6, 6 = a - Y and - e
sinOR -n sin(R + a + )

R n RR 7
4 3 1 4

Simplifying by trigonometric expansions for sine and cosine

yields

tan R [ n 3 + n2 sin(OR + a)
t= n2cos(OR + a) (l

with 8i - arcsin _I sini].

Equation (D-l) is a necessary but not sufficient condition

for the ray in medium 3 to emerge from surface 4 parallel to

to the incident ray in medium 1. The final condition relates

the angles of surfaces and ( and 84 - 8R + 6 as

shown in figure D-3.
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Applying Snell's Law at surface ® and using trigonometric
expansions yields

(n 2  ( a (D-2)

tany ( n s + a)
n2 co( R -

with e = arcsin [ (n 2 /nl)sin6]il

With equations (D-1) and (D-2) rearranged to relate the

tan(OR + a) as the independent variable the equations
1 (taneSR 2

become tan(OR + a) =- + n3 (D-3)

and
/n

tan(eR + ) - (cOS(3+ U) + tan) (D-4)
R

Since equation (D-3) equals equation (D-4) and solving for

tany yields

n ntaneR + os 3~ + 3)--
tany = a + +n (D-5)R4 cos(B R t n

With the condition that y + e R = and noting that

eIl -a, 6 - a-y and = R + 61 -O 4 R 1

eR -arcsin [n 1 sin (i a)]

F2

and

e R arcsin sin(OR + a Y)]
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Equation (D-5) is recognized as a transcendental equation

£of the form

S n3  n
tany - tan arcsin[n 3l sin(8l+ + +sn2  Rcos(Bl 1R

which must be solved iteratively. The constraints on the

solution are that (6 + CO < and

(n /n ) sin(O + a + y) 5 1 and 8R+ ff

The appearance of the configuration of this lens in

3-dimensions would be two cones fit base to base. The

image formed would be inverted with the center missing;

i.e. an annulus. Therefore a substantial amount of energy

could be lost in the image if the energy distribution of

the object is Gaussian with the maximum at the center of

the object. Therefore equations (D-l) and (D-6) are neces-

sary and sufficient conditions to insure the incident ray

in medium 1 is parallel to the exit ray in medium 3. If the

condition that = then the general lens reduces toR2 1
the rhombus of figure D-1, or that of a parallelopiped in

figure D-4. The position a block lens would occupy in the

GLM is shown in figure D-5.

250



ICU
ct

*0

>P3

MI

C4 0)

c 14

904 !2

04

251



cnI

r '41

0

252



APPENDIX E

£ GRADIENT INDEX OPTICS

The development of material which exhibits a continuous

change in the optical index of refraction over distance has

opened a new area in the field of optics. Gradient index

(GRIN) material has been applied in the field of fiber optics

communications and integrated circuits with expanding numbers

of applications. GRIN has the effect of replacing individual

lenses in an optical system. Theoretically GRIN material has

the ability to refract light because of the continuous change

in index of refraction in the medium. Practically the amountI

of refraction is proportional to the change in the relative

index from macroscopic region to macroscopic region.

GRIN material is produced with one of three types of

gradients in the index of refraction referenced to the opti-

cal axis:

1. Axial

2. Cylindrical

3. Spherical

Axial GRIN varies the index of refraction along the optical

axis. Cylindrical GRIN varies the index of refraction

radially from the optical axis. Hence, in three dimensions

the surfaces of constant index form concentric cylinders

centered on the optical axis. Spherical GRIN varies the

index of refraction radially from the origin. The surfaces

0 of constant index form a set of concentric spheres [8].
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Born and Wolf [9]Jdiscuss the general properties of light

C rays in GRIN material with spherical symmetry. The trajec-

tory of the light ray is described by Bouguer's relation,

ndsino - constant, where 0 is the angle between the posi-

tion vector 2 and the tangent at point P as shown in figure

E-1 and is illustrated inside the GLM lens in figure E-2.

For two dimensions using polar coordinates, the angle can

describe explicitly as

sin* - (E-l)
N/I 2(0 +dr 2

where dr/de - (r/c) Vn 2 r 2 _ c2 ; is the

angle between two consecutive radii and c is Bouguer's

constant. In three dimensions using spherical coordinates

the relation for the change in e, illustrated in figure

E-3, over a range of radius is given by

e-e0 Mc (E-2)r 0 n 2o  r crnr 2 _ c 
2

Given a sphere of GRIN material shown in figure E-4 with

a spherical gradient, a GLM lens can be selectively cut from

the material. The lens can be customized with an index of

refraction profile suitable for the application. A possible

profile for the GLM conical lens, is shown in figure E-5,

with a minimum and maximum located at a specific radius from

the origin. Hence the ability to customize the GLM lens

2
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Figure E-3. Illustration of the Relationship Between

and * Between Adjacent Rays in the
GLMI GRIN Lens.

257

- -l i i i



..j

.j 44

c 44
2 20.,

04

0
.F.4
4J

c4 41

W*0

4Hi

258)



- .. "-.' .

€4 F
44

0

0

J.

04

44

0

tr 4

0 0
i4

14
~4

cc w.

0

259

4p lr........ . .

I ! ! , .4 I * " i I I Il. I I



enables the lens designer to place the maximum value of the

C index of refraction at the desired location. The profile

shown in figure E-5 can be applied to the GLM conical lens

I - with the index profile varying along the first surface shown

in figure E-6.

Bouguer's constant, defined by the relation nrsino - c

is a function of the radius, index of refraction at that

radius and the angle *defined earlier. However, once the

ray enters the GRIN medium, the constant is invariant along

the ray. Therefore the constant can theoretically be deter-

mined explicitly at any point. Practically, two points

exist at which the constant can be determined. These are

at the intercept of the incident ray and the first surface

and the intercept of the ray in the conical lens and the

second surface. The most convenient position to calculate

c is the first surface because n, r and 0 can all be

determined explicitly on the first surface. Table E-I is

a tabulation of values of Bouguer's constant c. Figure E-7

shows the relationship between the constant c and the
radius from the origin along the first surface of the GLM.

Calculating the ray paths through a conical lens composed

of GRIN material must be accomplished by solving equation

(E-2) at each point in the lens. A complete algorithm was

not written because of the time constraints, but TRACE can

calculate the value of Bouguer s constant and refract the ray

at the first surface shown in figure E-8 using the value of
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TABLE E-I

BOUGUER'S GRIN CONSTANT

In(l) r(I) Phi(I SinkPhi

I

1 2.4446 .0614 67.5096 .9239 .1394
2 2.6170 .1220 69.0997 .9342 .3062
3 2.7401 .1842 70.142 .9405 .4760
4 2.0551 .2456 70.9137 .9450 625
5 2.9461 .3069 71.5251 .9485 .95?7
6 3.0254 .3603 72.0263 .9512 1.06e0
7 3.0956 .4297 72.4472 .9534 I.2683
a 3.1503 .4911 72.8067 .9553 1.4818
9 3.2147 .5525 73.1174 .9569 1.6996

10 3.2656 .6139 73.3002 .9503 1.210
11 3.316 .6753 73.6250 .9594 Z.1456
12 3.3534 .7367 73.0352 .9605 2.3727
13 3.3911 .7991 74.0200 .9614 2.6017
14 3.4252 .0595 74.1034 .9621 Z.:8324
15 3.4560 .9208 74.327? .9628 3.0641
16 3.4035 .9022 74.4549 .9634 S. 965
17 3.5001 1.0436 74.5664 .9639 3.5291
1s 3.5290 1.1050 74.6637 .9644 3.7616
19 3.5400 1.1664 74.7477 .9648 3.1935
20 3.5651 1.2279 74.0193 .9651 4.Z245
21 3.5709 1.2892 74.8792 .9654 4.4541
22 3.5902 1.3506 74.9279 .9656 4.6820
23 3.5991 1.4120 74.9659 .9658 4.,?078
24 3.6055 1.4733 74.9935 .9659 5.1310
25 3.6096 1.5347 75.0109 .9660 5.3514
26 3.6114 1.5961 75.0184 .9660 5.5683
27 3.6100 1.6575 75.0159 .9660 5.315
28 3.6079 1.7109 75.834 .9659 1.1904
29 3.6026 1.7003 74.9009 .9658 6.1946
30 3.5949 1.8417 74.9402 .9657 6.3936
31 3.5849 1.9031 74.9049 .9655 6.5869
32 3.5723 1.9645 74.0506 .9652 q.7738
33 3.5573 2.0259 74.7850 .9649 6.9539
34 3.5396 2.0072 74.7673 .9646 7.1265
35 3.5193 2.1486 74.6t68 .9642 7.2900

36 3.4962 2.2100 74.5125 .9637 7.4461
37 3.4701 2.2714 74.3933 .9631 7.5915
36 3.4410 2.3320 74.2579 .9625 7.7261
39 3.4806 2.3942 74.1642 .9619 7.8488
40 3.372? 2.4556 73.9304 .9609 7.9503
41 3.3330 2.5176 73.7336 .9606 9.0533
42 3.2092 2.5704 73.5108 .9589 0.1319
43 3.2460 2.6397 73.2573 .9576 0.1921
44 3.1672 2.7611 72.9675 .9561 8.2315
45 3.1276 2.7625 72.6337 .9544 8.2467
46 3.4615 2.8239 72.2454 .9524 9.2337
47 2.9070 2.6853 71.7973 .9499 8.1867
46 2.9022 2.9467 71.2357 .9468 8.0975
49 2.039 3.6061 70.5519 .9429 7.9532
5 2.6864 3.6695 69.6639 .937? 7.7317
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the index of refraction at that point. The calculated data

C for the ray diagram is tabulated in Tables E-II and E-III.
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C TABLE E-II

INITIAL PARAMETER VALUES

RHO(INITIAL) = 0.0 degrees Alpha * 21.00 degrees

TAH(RHO-!NITIAL) - 0.00 Tasn(Alpha) - .38

ni a 1.00000 n3 a 1.SSeOe

Nain * 2.0000

n2(l) * 2.44494 n2(2) a 2.6229? n2(3) - 2.75522
n2<4) = 2.86381 n2(5) - 2.95465 n2(6) - 3.03445
n2<7> 3.18497 n2(8) - 3.16790 n2(9) 1 3.22441
n2(10) 3.2?535 n2 11) a 3.32137 n2(12) - 3.36296
n2(13) * 3.40051 n2(14) a 3.43436 n2<15> - 3.46474
n2(16) = 3.49189 n2(1?) a 3.51596 n2(18) - 3.53710
n2<19) - 3.55543 n2(20) - 3.57106 n2(21) - 3.58406
n2(22) * 3.59449 n2(23) - 3.66241 n2(24) - 3.60?85
n2(25) a 3.61083 n2(26) - 3.61138 n2(27) a 3.60949
n2(28) = 3.60516 n2(29) a 3.59636 n2(30) - 3.5890?
n2(31> a 3,57723 n2<32) - 3.56280 n2(33) - 3.54569
n2(34) - 3.52582 n2(35) - 3.58309 n2(36) - 3.47735
n2(37) 3.44845 n2(38) - 3.41619 n2(39) - 3.38033
n2(40) a 3.34060 n2(41) a 3.29663 n2(42) - 3.24?98
n2(43) a 3.19487 n2(44) - 3.13415 n2(45) - 3.86722
n2(46) - 2.99185 n2(47) - 2.90593 n2(40) - 2.80612
n2(49) a 2.68635 n2(50) a 2.68635 n2(51) - 0.08000

ROmax a 1.61147 inches

Aperture * 1.106 Y& 0 6.006 inch Yb 1.106 inch

Number of Rays - 50

0I
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TABLE E-III

RAY DIAGRAM DATA CALCULATED FOR FIGURE E-8

(X8,Y8) 'X1,y1 (X3,Y3) (Xc,Yc) H2 RHO

8.00 .82 .06 .02 4.86 -4.20 .08 0.00 2.44 -46.51
8.08 .84 .11 .04 3.96 -4.24 .15 0.00 2.62 -48.10
8.88 .07 .17 .87 3.91 -4.26 .23 0.08 2.75 -49.14
0.08 .89 .23 .09 3.89 -4.26 .30 0.00 2.86 -49.91
8.08 .11 .29 .11 3.89 -4.26 .38 0.08 2.95 -50.53
8.88 .13 .34 .13 3.90 -4.26 .45 8.08 3.03 -51.03
0.00 .15 .40 .15 3.92 -4.26 .52 0.00 3.10 -51.45
8.00 .10 .46 .18 3.94 -4.25 .60 0.00 3.16 -51.31
8.00 .20 .52 .20 3.97 -4.24 .67 0.00 3.21 -52.12
0.00 .22 .57 .22 4.00 -4.22 .74 0.00 3.27 -52. 9
0.00 .24 .63 .24 4.83 -4.21 .82 8.00 3.31 -52.63
8.08 .26 .69 .26 4.0? -4.20 .89 0.00 3.35 -5'2.4
0.00 .29 ,71 .29 4.11 -4.18 .96 0.00 3.39 -53.02
8.80 .31 .80 .31 4.15 -4.16 1.03 0.00 3.43 -53.18
0.00 .33 .06 .33 4.19 -4.13 1.11 0.00 3.46 -53.330.00 .35 .92 .35 4.24 -4.13 1.18 0.00 3.48 -53.45
8.0 .37 .97 .37 4.29 -4.11 1.25 0.00 3.51 -53.57
0.00 .40 1.03 .40 4.33 -4.09 1.32 0.00 3.53 -53.66
0.00 .42 1.09 .42 4.38 -4.08 1.40 0.00 3.55 -53.75
0.00 .44. 1.15 .44 4.43 -4.06 1.47 0.00 3.57 -53.32
0.00 .46 1.20 .46 4.49 -4.04 1.54 0.00 3.58 -53.88
0.00 .48 1.26 .40 4.54 -4.02 1.61 0.00 3.59 -53.93
0.00 .51 1.32 .51 4.59 -4.00 1.69 0.00 3.60 -53. 97
0.00 .53 1.38 .53 4.65 -3.97 1.76 0.00 3.61 -53.S9
0.00 .55 1.43 .55 4.70 -3.95 1.83 0.00 3.61 -54.01
8.88 .57 1.49 .57 4.76 -3.93 1.91 0.00 3.61 -54.02
8.00 .59 1.55 .59 4.82 -3.91 1.98 0.00 3.61 -54.02
0.00 .62 1.66 .62 4.88 -3.89 2.85 0.08 3.61 -54.00
8.08 .64 1.66 .64 4.93 -3.86 2.13 8.00 3.60 -53.98
8.00 .66 1.72 .66 5.ee -3.84 2.20 0.00 3.59 -53.95
0.0 .68 1.7e .68 5.06 -3.82 2.27 0.08 3.58 -53.90
0.00 .70 1.83 .70 5.12 -3.79 2.35 0.08 3.57 -53.S5
0.00 .73 1.89 .73 5.18 -3.77 2.42 0.00 3.56 -53.78
0.00 .75 1.91 .75 5.25 -3.74 2.58 0.0 3.54 -53.71
0.0 .77 2.81 .77 5.31 -3.72 2.57 8.00 3.52 -53.62 2
0.0 .79 2.06 .79 5.38 -3.69 2.65 0.00 3.50 -53.51
6.00 .81 2.12 .81 5.45 -3.67 2.73 8.0 3.47 -53.39
0.80 .84 2.10 .84 5.52 -3.64 2.88 0.80 3.44 -53.26
0.00 .66 2.24 .86 5.59 -3.61 2.8 0.00 3.41 -53.10
0.00 .So 2.29 .86 5.66 -3.50 2.96 0.00 3.37 -52.93
*.00 .98 2.35 .90 5.74 -3.55 3.84 00 3.33 -52.73
0.86 .92 2.41 .92 5.82 -3.52 3.12 8.08 3.29 -52.51
060. .95 2.46 .95 5.90 -3.49 3.20 0.00 3.24 -52.26
0.00 .97 2.52 .97 5.99 -3.46 3.28 0.00 3.19 -51.97
0.88 .99 2.50 .99 6.07 -3.43 3.36 0.00 3.13 -51.63
8.00 1.81 2.64 1.01 6.17 -3.39 3.45 0.0 3.06 -51.25
0.0 1.03 2.69 1.03 6.27 -3.35 3.54 0.09 2.99 -50.
8.0 1.06 2.75 1.06 6.38 -3.31 3.63 0.08 2.90 -58.24
0.00 1.8 2.01 1.00 6.5 -3.26 3.73 0.08 2.88 -49.55
0.00 1.18 2.8? 1.10 6.65 -3.20 3.63 0.00 2.69 -40.66

0
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APPENDIX F

SECIND SURFACE GENERATION: ITERATIVE SOLUTION

A. INTRODUCTION

One of the conclusions reached as a result of the investi-

gation of curves A, B and C in Appendix C was that using a

single polynomial to describe the second surface of a conical

lens cannot satisfactorily refract light to a single, distinct

focal point. Hence, a satisfactory image of an object cannot4

be formed.

Three options for further study remained. First, continue

to try and find a suitable polynomial to describe the second

surface. This option was not pursued because of the infinite

number of trials which would be required to determine if such

an analytic expression existed. The second option would be

to attempt to optimize a given polynomial by manipulating the

coefficients of that polynomi.al to change the refracting prop-

erties of the polynomial such that a single, distinct focal

point could be formed. This option was pursued by using

Control Program for Engineering Synthesis (COPES) developed

by Dr. G.N. Vanderplaats, Naval Postgraduate School. The

study was halted because of time constraints. However, ini-

tial results concurred with the previously mentioned results

of Appendix C.

The third option was provided by an inquiry made by Dr.

E.C. Crittenden, Naval Postgraduate School, concerning

() the capability of the TRACE program to draw rays backward;
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i.e. could TRACE begin a set of light rays at a design focal

C point and draw them through the lens and into the medium

ahead of the lens and emerging parallel to the GLM axis?

Accomplishing the "backwards" ray trace would design the

lens. Conceptually, at least two methods of generating the

* second surface of a conical lens exist and are available for

investigation. The first method consisted of picking the

initial point of the second surface to be the GLYM axis-

intercept of a refracted ray in the lens medium, noting that

the ray must be refracted along the GLM axis to pass through

the axis. Therefore, the slope of the second surface at the

first point must be equal to the slope of the first surface.

The derivation of this relationship is performed in Appendix

A. The second point on the surface is calculated by extending

a straight line by using the slope at the fi.rst poi.nt to

intercept the next ray in the lens. Since the second point

is not on the GLM axis, the slope at the second point required

to satisfy Snell's Law will not be equal to the slope of the

first surface. This process was chosen as the preferred

method and is discussed in Chapter III and Appendix A.

The second method of generating a second surface for a

conical lens is similar to the first method. The difference

is that a parabola is used instead of a straight line to

predict the second and succeeding points on the second sur-

face. A different parabola is used for every pair of points.

A nonlinear predictor is desired because the shape of the
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second surface is nonlinear. The following discussion

describes this method of second surface generation for a

conical lens.

B. ITERATIVE SOLUTION

1. Derivation of Expressions for Iand '2

The iterative solution is motivated by the ability

of a computer to perform a great many calculations in a

small amount of time. Referring to figuxre F-i for the geome-

try and symbol definitions, the most significant steps in

the iterative solution are:

(1) Initialization:

(a) Choose a focal point on the GLM axis.

(b) Choose an initial lens point Tl.

(c) Choose an initial change in P2, AP2.

(2) Calculate the ray parameters 81, P2 and a2

for the initial lens point by applying Snell's Law at Tl.

(3) Calculate the second lens point T2 by fitting a

parabola through Tl and predict the coordinate values of T2.

Iterate this prediction until the error is reduced below an

acceptable tolerance. The error is defined to be the distance

at which T2 intercepts the GLZ4 axis.

(4) Calculate the ray parameters 61, pa and a2

for T2.I
(5) Continue until the lens has been designed to the

GHaxis.
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NOTE: All coordinate values are referenced to a right hand

C system. All angles are referenced to the GLM axis

and are positive for counter-clockwise rotation from

the axis to the point in question. The coordinate

values (abscissa, ordinate) are referred to as (x,y)

with x Ethe distance along the GLM axis and y Bthe

radius from the GLM axis. The subscripts are either

single or double. The single and the first subscript

in the double subscripts, the number refers to the

surface at which the application of Snell's Law

occurred. If the subscript is a letter the subscript

refers to the operation of Snell's Law; I for angle of

incidence and R for angle of refraction. The second

subscript refers to the point number in the lens.

For example a2 is the slope of the second surface

at point number two. Any exceptions to this convention

for subscripts will he made clear within the context

of the discussion.

The investigation consisted of deriving the analytical

expressions relating the quantities shown in figure F-2. The

primary variables of interest are the angle of incidence e1,
a2l the angle of the tangent line at T and P2 the refracted

ray angle in medium 3. The assumptions made in the derivation

are that the following quantities are known:

(1) pl; the ray angle in the lens medium, measured with

respct to the GLM axis.
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(2) P2; the ray angle in medium 3 measured with respect

to the GLM axis.

(3) n2; the index of refraction of the lens medium.

(4) n3 ; the index of refraction of medium 3.

(5) f; the design focal point on the GLM axis.

(6) (x,y); the coordinate values of the Point T.

(7) the ray is transmitted without loss in all media.

(8) the ray is either refracted or totally reflected

at the boundary of two media.

As discussed in Chapter III there exist two regions where

the refracted ray in the lens can be refracted at point T.

Point T is located in the low region as defined by the area

below a line QP shown in figure F-3. In the low region

Ipil is always greater than or equal to [81. Point T is

located in the high region when Ipil is less than 11

as shown in figure F-4.

Each point on the lens' second surface must satisfy Snell's

Law sineR = n2/n3 sine1  or be totally reflected at T. There-

fore referring to figure F-2 the angle of incidence in the low

region is
7 -- ) - I 1-

and the ray angle in medium 3 is

Ipal - (eS + a2) (F-2)
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Substracting equation (F-2) from (F-I) and substituting

Snell's Law for eR yields

1= IP2z - 1pil - arcsin [! sine (F-3)

Now a = - (IP7J - eR) hence

a2 V - U02j + arcsin (-! sine, (F-4)

Equation (F-3) is a transcendental equation in 6 and

therefore can be solved graphically or by numerical methods.

Therefore, equations (F-3) and (F-4) must both be solved for

each iteration of e until a satisfactory value of ca is

determined. Experience from using the CHART algorithm shows

that an initial guess of 81 =c 2 should allow the algo-

rithm to converge quickly. The critical angle ec is the

angle of incidence at which sineR=1 . Changing equations

(F-3) and (F-4) into a form suitable for a numerical algorithm

yields

n1
01 IP21 - IPl1 + arcsin J sine,, (F-5)

M2n = +- I + arcsin (_3 sine1I )] (F-6)

for the angle of incidence and angle of the tangent line at

Point T in the low region.

0
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As shown in figure F-4 the angle of incidence in the

C high region is

61= IjP - IPi1 (P-7)

and the ray angle in medium 3 is

P2 = - a2 + 6R  (F-8)

Adding equations (F-7) and (F-8) and substituting Snell's

Law for R yields

1 (IP2I + a2) + arcsini sine (F-9)

now L - INORMI 

hence
CL =. - (P I + eI (P- 10)

Equation (F-9) is a transcendental equation in F and must

be solved graphically or by numerical methods. Therefore

equations (F-9) and (F-10) must be solved for each iteration

of 81 until a satisfactory value of a2 is determined.

From the geometry in figure F-4 an initial guess for

8= 2 IpI should cause fast convergence to the desired

value of az. Changing equations (F-9) and (F-10) into a

form suitable for numerical applications yields

"~n+1- -(IP a2n) 4- arcsin _I sin8 1  ) (F-II)

, 1 2. iP- 1 +  e (F-12)' 
7n+l
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A -.
for the angle of incidence and angle of the tangent line at

Point T in the high region.

2. Predicting Succeeding Points on the Second Surface

The iterative solution method must involve a regres-

sion routine to use a parabola to predict the next point on

the second surface. The regression routine solves a set of

simultaneous equations consisting of the equation of the

parabola and first derivative at Tl(xlY I) and T2 (x2 ,Y2)

in the form
+ ~2

a + bx 1= Yl

b + 2cx1  = Y I

2 (F-13)
a + bx2 + cx2  =

a + 2cx2  =

The set of equations is nonlinear in x, but is linear in

the coefficients. Therefore, the techniques of linear algebra

can be used on equation (F-13). The method used here is the

Gaussian-Jordan row-reduction technique discussed in Anton

[10]. The first step is to form the augmented matrix whose

determinant is set equal to zero

1 x X1 Yl

0 1 2x Y1I

2= 0(F-14)
1 x2  x2  Y2

0 1 2x2  Y

2 2
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The row-reduction technique diagonalizes the first three

columns of determinant (F-14) with, in general, non-zero

quantities in the fourth column in the form

1 0 0 A

0 1 0 B
0 = 0 (F-15):°0 0 1 C

0 0 0

Since four equations have been used to determine the three

coefficients a, b and c the determinant is over-specified

and nonhomogeneous. Utilizing the fact that the expression

represented by D at location (4,4) in (F-15) is equal to zero

D =xY 2  - xy' + x 2 y 2  - x2 y 1  - 2y2  
2 y 1  0 (-16)

if x2  ' x1 , which is reasonable, since the problem demands

that x2 0 xI . Simplifying equation (F-16) and solving for

Y2 - Yl ied

AY Y2"Y1 Y2 1+YI17)X 2A-Y = =2x-- l. (F-17)

Equation (F-17) states that the slope of the straight line

connecting Tl and T2 in figure F-5 is the average of the j
slope of the parabola used to predict T2 evaluated at T1 and

T2. This result is very simple, yet provides a tool to use

in predicting the value of T2. Experience gained in using

CHART has shown that the second surface of the conical lens

is a smooth convex surface with no discontinuities; compare

0
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figures 14 and 20 in Chapter III. The exact shape of the

£ second surface is a function of the cone half-angle a~, and

the indices of refraction nl1 n 2  and n 3. The first guess

of where T2 is generated by coordinate values of the inter-

section of the ray in the lens and the ray in medium 3 is

shown in figure F-1. The set of equations (F-13) is solved

using (x 1 , Y1) and (x 2 ,Y2  to find (AY/AX) in equation

(P-17). Since the slope at Ti is known the next guess of the

actual location of T2 is aided by the experience of using

CHART. The slope at T2 will increase as the first surface is

approached. Therefore, calculating the slope of the line

connecting Ti and T2 and comparing that value with the value

from equation (F-17) will determine whether to increase or

decrease Ap2 to predict the next position of T2 . This

procedure is continued until the coordinate values of T2

are determined within a specified tolerance.

C. NEWTON'S METHOD

The recommended numerical method used to solve the trans-

cendental equations for 81 and Ut2 in section B-1 is

Newton's method. A detailed explanation of the technique is

not provided here. Scores of texts on applied numerical

methods exist and should be consulted for further study.

Newton's method is simple and converges quickly if the

function does not have any of the characteristics illustratedIin figure F-6. If the function describing 6 1 exhibits a

local minimum in the range of interest, Newton's method will
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diverge as illustrated in figure F-6a. If the function

exhibits an inflection point, Newton's method will diverge

as shown in figure F-6b. If the function has multiple roots

in the range of interest, Newton's Method cannot determine

which value is correct. The special case of a multiple root

is shown in figure F-6c. Newton's method will approach the

roots from one side then overshoot and oscillate back and

forth, never converging on the desired value. A function

which is "well behaved" is shown in figure F-7; compare the

characteristics of the curve in figure F-7 and those of figure

F-6.

The application of Newton's method as shown in figure F-7

involves the selection of a value of eI as the first guess

finding the functional value f( ) and the slopeI1 81

f' Ii). The prediction of the correct value of 8 1 is via

the relation

f(eIFe1 = ei - 1(-8

22
f (0ii

The process is repeated until the difference between two

succeeding values of i, 1 e-8 1  is less than an
n n-l

acceptable tolerance. Transforming equation (F-18) into

general form yields

f(=- n)
n+. n (F-19).

n
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APPENDIX G

£ LIMIT PROGRAM DESCRIPTION AND LISTING

The derivation of the relationship between the slopes

encountered of the first and second surfaces of a GLM lens

composed of homogenous material by the ray shown in figure

G-1 is the subject of this appendix. The derivation is

applicable to the case in which total reflection occurs at

the second surface.

The incident ray in medium 1 forms an angle 8I with

the first surface normal n, at point Ti and is refracted

according to Snell's Law sin6R - (nl/n2sin6I . The firstR 1
surface normal n, is defined as the normal to the tangent

line at Tl. The angle which the tangent line makes with

respect to the GLM axis is a. The ray traverses the lens

and intercepts the second surface at T2. The ray is refrac-

ted at T2 according to Snell's Law sinSR - (n2/n3)sin6i2.

For total reflection at T2

sineR - - (n3 sin (G-l)

Now the angular difference between 1 and n2 is (a -Qa)

and therefore - + (a-a) Hence
2 1

+ (a -a2) -arcsin (G-2)

The angle with respect to the GL axis of the tangent line at

T2, as, is then defined by

0
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ma arcsin ,s Sn 1  + a arcsin~j.. (G-3)

Noting that 8 - a then

7U

I**2 si c) acin G-4)

Equation (G-4) is illustrated in figure G-2.
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LIMIT PROGRAM LISTING

9PRINT eLZHIT
46 POINT -
50 PRINT *.**...*.e..*e*O.**.eeee..e.e...."

;6 DISP 'THIS IS LIMIT 
5

76 WAIT 2500
t6 OPTION BASE 6
so INTEGER I.ILlnecoun%,Linos~x
to B6 EG
L16 FIXED 2
120 PRINTER IS 16
136 LtInecourflm6
146 Linomax.4$

* 156 NIut
166 N3n1
07, INPUT *DO YOU WANT A HARD COPY? Y/N",Y$
t6o IF YSlY" THEN PRINTER IS 6
196 GOSUB Neador
206 CALL Graph
216 FOR M2*1.3 TO 4.5 STEP .5
226 Alphama
236 ThotalI.96-ftlpha
240 "SIn %he%&rt=N142*SIM(Thtal 1)
266 Alpha~aftlpha*ASN(NI/N2*SIN(9-ipha))-AN(N3'H2)

276 Thetai_2*Thtar IRl pha-AI pha2
266 IF LlinecounfAALinemax THEN GOSUS Header
296 PRINT USING 416;N2,Th~ta11L,Thetar_1,Thetai-2,Alph.,Alpha2
366 LinecounsuLinecoun1
316 MOVE Alph&,AIphaZ
729 FOR Alphas$ TO 03 STEP 5

tl336 Thetat 1*96-Alpha
340 sin htru1H.I(eal )
356 TheTa IASN(Sin th*%arl)
366 Alphag-uAlpha.ASN(N1'N42eSINTheta-1) )-ASHN3iN2)
376 Thesa 20Thetael*AI pha-AI pha2
366 IF Linecounf>lineftax TNEN GOSUS Header
3"6 PRINT USING 416;N2,ThsaIlI,ThetwltThesai2,lph,Agphaa
4"6 Linoceansl.nocount+1
416 IHqAGE SK,DD.DD,S(SX,DDD3.DDD)
426 DRAM Alpha,RlphaZ
436 NEXT Alpha.
446 LDIR 6
456 LORG 2
446 CSIZE 2.5
476 LABEL USING 446M2
4661 IMAGE K
496 If Linecount)Ltnemax THEN GOSUD Header
566 PRINT
%to 1.1mcounswLineceunit#1
526 NEXT H42
9 341 GOSUD Header end
146 PRINTER IS 16
$114 PRINT IN(2),-PRESS CONT-
166 DEEP
576 "at1? 256
se6 DEEP
I96 PAUSE
a6 9XIT GRAPHICS
616 GOT* Finished
626 Neager: IF Liteoens ~inemaxc THEN GOSUD "*a~e end
636 IF Linecemnt)Linemaxs THEN PRINT PAET 1 (2S);*TAILE I (COT);jLIN

640 IF Linotouns(.Lineaa TWN PRINT PACEITA(3S);"TALE I *;L12
636 Linecotanswi
dol6 PRINT 1.111(a)
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_ _r
JiJ

i- 676 GOSED Char
600 PRINT LIN(t)2SPA(5);" n2 TheseS(l) ThetaJ(1) Thesat(2)

Alpha AIph&2';LIN(1)
490 GOSUS Char
760 PRINT LIN(2)
716 RETURN
726 Char: FOR I=6 TO-79
736 IF Io?9 THEN PRINT CHRS(22)
746 IF l1T9 THEN 766
750 PRINT CMRS(220);
766 NEXT I
776 RETURN
760 Neader_*nd: PRINT IXN(2)
79 • GOSUD Char
Eee RETURN
610 Dump-it: PRINTER 15 0
* 620 PRINT CHR(27)&%&*0T"
636 DUMP GRAPHICS
040 PRINT CNRS(2)&%13fT"
s PRINTER IS IS
6s RETURN
876 Fi shed: Dump cruH"
M80 INPUT 0 YOU MANT A HARD COPY OF THE PLOT ? YN',Dump cr%$
69" IF (Dump crtso"Y') OR (Dump crtS'o') THEN GOSUB Dump tt
no DISP 'FINISHED'
9O ENi
920 SUS Graph
90 OPTION oneE 6
940 DEG
930
940
970 I THE EXPRESIONS USED TO DERIVE THE TIC MARKS WERE OBTAINED FROM THE
946 1 HP-9041O UTILITIES LIBRARY, TAPE NR 09045-10205, PROGRAM -REGPLT-
9.

1610 GCLEAR
1602 PLOTTER IS l3,-GRAPNICS'
1020 LBIN 0
1046 LORG S
1050 LIMIT 0,164,6,160
1R7O INT
1676 DATA -2,-I,1,2

000 NER UD, a,d, lu
1096 DATA o39794,.6919?,.S?546
116 READ Log2.Loq5,LG?

1120 XeroXmt neYorguYirm nS
1130 Naaxo
1140 YmaxO0i
I0 Alpha: INPUT '*HMT IS TE MAXIMUM VALUE OF ALPHA ( DEFAULT a 90 DEGREES) ?I

£16a Atph,2I INPUT -WHAT IS THE MAXIMUM VALUE OF ALPHAS C DEFAULT a Be DEGREES)
?,Yax
1170 IF Xmax(oXmin THEN SEEP
I 1"6 IF Xaaxu<,oXn THEN DOIP "ALPHA =SIUSE > 6. PLEASE RE-ENTER N ALPHA.

. 1196 IF Xmax(amgan THEN NAIT 2306
S £26 IF Xaai<oMatn THEN Alpha
1216 IF Ymax(Ymn THEN lElP
1220 IF Y ,waxYmIn THEN SISP "ALPA2 B SE > 0. PLEASE RE-INTER ALPA2."
1226 IF Yaa(sYtn THEN UIT 250
1240 IF Xaax<oain THEN AIph 2
1215 GRAPHICS
1260 1
1270 LIMIT 0,164,0,140
120 LOCATE 20, 132,2, 100
1296 LxLkGT(XaxoXmt n)
OO0 L.GT(YaxM-Ymin)
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6 £1310 lXfudem.024(Xmax-ftin)
1320 Yfudgem.4a*(Yax-Yat n)I

1 330 Ticearks: Testxtic=PRACT(Lx)+.Lx<S)1340 Testy%1cmwFRACT(Ly)+(Ly(S)
1350 Xttcs10^(INT(Lx)1I)e(11.*((Testxcttc>Log2) AND (Testxtic<Log5)>*
4*((Tostxtic>=Log5) AND (Testxtic~mLog?))*6.50(Teatxtlc>Log7))j
1366 Yticmh6^(IHT(Ly.)-1)e(1.1.5.((Testytic>Log2) AND (Testytic(Logg))+

4#((Tqstytic>nLog5) AMD (Testytic~uLogT))*6.5e(Testytic>Log?))

1300 CLIP Xsn,X&x,Ymin,Ymax

1350 LIE TYE

1410 LOnG 0iew

1439 LINE :: TYP I mS S~

1506 NEXTx LAIR9

1400 MOVE XA$rg-fudgeA
1490 LABEL USING 1376;A
tags NEXT A

1610 aeV:LAIR 9
loaf LORG 0

1540 MVE Xogfud*,

,1560 NIE A
1ars IMAVE CenerK
1650 LAB L G 2 nleo heTnen ie tte ls Srae e

if"0 LIEG 50

16401 MOVE Center,Cen9
170 LABEL *Alpha2 : ngle o the Tangent Line a h is ufc e

1r10 AOM 6.45,Consery,
ins0 LABEL 'at the Second Surface (degrees )6
1730AI .10
1740 CSIZE W54.34
173 SITUIU
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